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PREFACE 


This data book contains the latest product information for Fujitsu's line of Telecommunications Products. This 
year’s edition includes Piezoelectric Devices and 1C Compandors, as well as sustaining products from the pre¬ 
vious edition. Please note that the contents of this edition have been reorganized to better categorize products 
for your ease of use. 

In addition to the collection of data sheets, you will find valuable information on ordering and expanded packag¬ 
ing descriptions, both in the Order Information section. One appendix. Design Information, is Included as a 
guideline for selecting and designing Fujitsu prescalers and phase-locked loops for VHF and UHF frequency 
synthesis. 

If you are interested in obtaining other Fujitsu product information, see the publication listing on the following 
pages for titles and brief descriptions of other Fujitsu product literature. To obtain a copy of any of the docu¬ 
ments, contact one of our sales offices. 
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FUJITSU PRODUCT PUBLICATIONS 

The following is a list of the product publications available from Fujitsu Microelectronics, Inc. Cali your nearest FMI Sales 
Office or Sales Representative to order any document(s) you need. (See the Sales Information section for phone num¬ 
bers.) 


STANDARD PRODUCTS 

Dynamic RAM Products Data Book 

Static RAM Products Data Book 

ECL RAM Products Data Book 

Programmable Memory Products Data 
Book 

Memory Card Products Data Book 

Power Transistor Products Data Book 
Linear Products Data Book 

Linear Products Selector Guide 
Telecommunication Products Data Book 


Contains product data sheets for NMOS and CMOS DRAMs, 
including 1M and 4M devices, and MOS application-specific 
RAMs. 

Contains product data sheets for high-speed CMOS and 
BiCMOS SRAMs, low-power CMOS SRAMs and application- 
specific SRAMs. 

Contains product data sheets for ECL and TTL bipolar ECL 
RAMs, BiCMOS ECL RAMs, and application-specific RAMS 
including self-timed RAMs (STRAMs). 

Contains product data sheets for programmable ROMs (including 
registered and wide-temperature range PROMs); CMOS mask- 
programmable ROMS, OTP ROMs, erasable PROMs, and 
EEPROMs; NMOS erasable PROMs and non-volatile RAMs. 

Contains product data sheets and programming information for 
68-pin JEIDA and PCMCIA standard memory cards and connec¬ 
tors and for 38-pln memory cards. 

Contains product data sheets for RETs, Darlington arrays, and 
FETs. 

Contains product data sheets for audio products, power supply 
controls, motor drivers, disk drivers, and converters (A/D, D/A, 
A/D-D/A, and F/V), and other linear products. 

Presents an overview of linear products. 

Contains product data sheets for prescalers and VCOs, PLLs, 
single-chip PLLs and Prescalers, CODECs, telephone ICs, and 
cellular telephone ICs, cordless telephone ICs, and piezoelectric 
devices. 


Telecommunication Devices Selector Guide Presents an overview of telecommunication products and piezo¬ 
electric devices. 


Interface and Logic Products Selector Presents an overview of logic and interface devices. 
Guide 


CMOS 4-bit Microcontrollers Data Book, Contains product information, including the development tool for 
Vol. I the MB8850 and MB88200 families of 4-bit microcontrollers. 


CMOS 4-bit Microcontrollers Data Book, Contains product information, including the development tool for 
Vol. II the MB88500 family of 4-bit microcontrollers. 


CMOS 4-bit Microcontrollers Selector Presents an overview of the MB88500 (high end), MB8850 (mid- 

Guide range), and MB88200 (low end) families of 4-blt microcontrollers. 


Master Product Guide 


Presents an overview of the entire range of products offered by 
the Integrated Circuits Division: Standard and ASIC products. 
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FUJITSU PRODUCT PUBLICATIONS (Continued) 

ASIC PRODUCTS 

CMOS Channeled Gate Arrays Data Book Contains product information for UHB Series High Drive CMOS 
and Design Evaluation Guide Gate Arrays and CG10 Series High Drive CMOS Gate Arrays. 

CMOS Channelless Gate Arrays Data Contains product information for AU Series CMOS Series Gate 
Book and Design Evaluation Guide Arrays and CG21 Series CMOS Gate Arrays. 

ASIC Products Selector Guide Presents an overview of CMOS, BiCMOS, ECL, and GaAs gate 

arrays and CMOS standard cell products. 

BiCMOS Gate Arrays Data Book and Contains product information for BC Series BiCMOS Gate 

Design Evaluation Guide Arrays and BC-H Series BiCMOS Gate Arrays. 

ECL Gate Arrays Data Book and Design Contains product information for ET Series ECL Gate Arrays, 
Evaluation Guide H Series ECL Gate Arrays, Ultra-High Performance ECL Gate 

Arrays, and VH Series ECL Gate Arrays. 


ASIC SOFTWARE 

The ASIC Gallery^” (catalog) Discusses the trend In ASICs: migration from using gates as 

primitives to using LSI and even VLSI macros as design ele¬ 
ments. 

The ASIC Design Environment (catalog) Provides an overview of the third-party tools that work In concert 

with Fujitsu’s proprietary tools, VIewCAD™, BankCAD^^, and 
FAME. Also included are product profiles explaining how the 
third-party tools fit within the design framework. 

ViewCAD User’s Guide Provides a basic understanding of Fujitsu’s proprietary CAD/CAE 

system, ViewCAD. This book provides information necessary to 
design, test, simulate, and analyze circuits using Fujitsu’s unit celt 
libraries for AU, UHB, CG10, CG21, and CG31 CMOS technolo¬ 
gies. 

ViewCAD Installation Guide Explains how to install Fujitsu’s proprietary CAD/CAE system, 

ViewCAD. 

CMOS ASIC Reference Manual for Provides a basic understanding of the Valid System on the Sun 

Valid platform as it interfaces with Fujitsu programs to build circuits 

using Fujitsu’s unit cell libraries for AU and UHB CMOS technolo¬ 
gies. 

FAME User’s Guide Provides a basic understanding of the Fujitsu ASIC Management 

Environment (FAME) software as It Interfaces with third-party 
tools (Sun or PC) to build circuits using Fujitsu’s unit cell libraries. 

FAME Reference Manual Provides installation and directory information for the Fujitsu 

ASIC Management Environment (FAME) software, which uses 
third-party tools (Sun or PC) to build circuits using Fujitsu’s unit 
cell libraries. 

Synopsys User’s Guide Provides a basic understanding of the Synopsys® system as it 

interfaces with Fujitsu programs to build circuits using Fujitsu’s 
unit cell libraries. 
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FUJITSU PRODUCT PUBLICATIONS (Continued) 

ASIC SOFTWARE (Continued) 

Veriiog>XL User’s Guide Provides a basic understanding of the Verilog-XL® system as it 

interfaces with Fujitsu programs to build circuits using Fujitsu’s 
unit ceil libraries. 

Future Publications 


For Memory Products: 

Hybrid Products (1992) Presents Fujitsu’s hybrid products and discusses thick- and thin-f ilm 

capabilities. 

For ASIC Software: 

ASIC Design Environment Provides detailed information about the ASIC Design Methodology 

Data Book (1992) at Fujitsu. It contains an overview of the third-party tools that work 

In concert with Fujitsu’s proprietary tools, ViewCAD, BankCAD, and 
FAME. Also included are product profiles explaining how the third- 
party tools fit within the design framework. 


Synopsys® is a registered trademark of Synopsys, Inc. 

Verilog-XL® is a registered trademark of Cadence Design Systems, Inc. 
ViewCAD^** and BankCAD^** are trademarks of Fujitsu Umited. 

ASIC Qaliery^*^ is a trademark of Fujitsu Microelectronics, Inc. 
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Fujitsu’s Telecommunication Products 


Introduction 

Fujitsu manufactures a wide range of integrated circuits that 
includes linear products, microprocessors, 
telecommunications circuits, ASICs, high-speed ECL logic, 
power components (consisting of both discrete transistors 
and transistor arrays), and both static and dynamic RAMs. 

The telecommunication product line offers devices for use in 
a wide range of applications. These telecommunication 
products are manufactured to meet the high standard of 
quality and reliability that is found in ail Fujitsu products. 


Prescalers 


Fujitsu offers a wide range of prescaler devices capable of 
satisfying the technical requirements of today's applications. 
Features such as the 200 MHz to 2.7 GHz frequency range, 
low power consumption, and a multitude of divide ratios are 
some of the advantages of Fujitsu’s prescaler family. 


Phase-Locked Loops (PLLs) 

The Fujitsu family of PLLs offers a wide range of operating 
frequencies with low supply currents and voltages to meet 
design needs. The serial input capability of these devices is 
an outstanding feature of Fujitsu’s PLLs. 


Single-Chip PLLs/Prescalers 

Fujitsu is one of only a few semiconductor manufacturers to 
offer single-chip PLL/Prescaler devices. Fujitsu is the only 
manufacturer with a BiCMOS version that combines high 
speed and low power consumption in a single chip. With the 
increasing emphasis on board space reduction (to improve 
cost), reliability, and overall product size, these single-chip 
devices provide solutions for designers. 


Single-Chip VCOs/Prescalers 

Fujitsu is the only semiconductor manufacturer with a 
single-chip VCO/Prescaler family of products. With the 
increasing emphasis on overall product size reduction and 
added on-chip functionality, this new family of devices 
provides the needed design solution. 


Continued on next page 




Fujitsu’s Telecommunication Devices 


Piezoelectric Devices 


Fujitsu's lithium tantaiate peizoeiectr'ic bandpass SAW fitters 
provide sharp roll-off characteristics and excellent stability 
over temperature in a tiny 5 mm x 5 mm surface mount 
package. Standard frequencies are available for AMPS, 
NTACS, NMT, and ETACS transmit and receive frequencies. 
This family of devices also includes a series of voltage 
controlled oscillators. 


Cordless Telephone Integrated Circuits 

Fujitsu’s family of cordless telephone ICs offers tow power 
consumption, ideal for application of this type. This family of 
products consists of minimum-shift keying modems for data 
transfer applications. 


Telephone Integrated Circuits 

Fujitsu offers a complete family of telephone ICs as an 
application-specific product line. These devices are capable 
of performing advanced telephone functions such as SLIC, 
speech transmission/reception, DTMF, on-hook dialing, last 
number repeat, tone amplification, and companding 
functions. 


Coder/Decoders (CODECs) 

The Fujitsu family of CODECs consists of the MB6020 
series. All devices conform to CCITT and AT&T 
specifications. 
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Prescalers — At a Glance 


Page 

Device 

Maximum 

Frequency 

Supply 

Ice 

Vec 

Divide 

Ratio 

Package 

Options 


1-3 

MB467 

200 MHz 

6 mA 

5V 

10/20 

8-pin 

Plastic 

DIP, FPT 

1-11 

MB501 

1.0 GHz 

30 mA 

5V 

64/65, 

128/129 

8-pin 

Plastic 

DIP, FPT 


SOIL 

1.1GHz 

10 mA 

5V 

64/65, 

128/129 





503 

200 MHz 

8 mA 

5V 

16/17, 

32/33 





504 

520 MHz 

10 mA 

5V 

32/33, 

64/65, 





504L 

520 MHz 

5 mA 

5V 

32/33, 

64/65 




1-23 

MB501LV 

1.1 GHz 

12 mA 

3V 

64/65, 

128/129 

8-pin 

Plastic 

DIP, FPT 


504LV 

520 MHz 

6 mA 

3V 

32/33, 

64/65 




1-33 

MB501SL 

1.1 GHz 

5 mA 

5V 

64/65, 

128/129 

8-pin 

Plastic 

DIP, FPT 

1-43 

MB505-16 

1.6 GHz 

9 mA 

5V 

128/256 

8-pin 

Plastic 

DIP, FPT 

1-47 

MB506 

2.4 GHz 

18 mA 

5V 

64/128/256 

8-pin 

Plastic 

DIP, FPT 

1-61 

MB507 

1.6 GHz 

18 mA 

5V 

128/129, 

256/257 

8-pin 

Plastic 

DIP, FPT 

1-69 

MB508 

2.3 GHz 

24 mA 

5V 

128/130, 

256/258, 

512/514 

8-pin 

Plastic 

DIP, FPT 

1-67 

MB509 

1.1 GHz 

11.6 mA 

5V 

64/65, 

128/129 

8-pin 

Plastic 

DIP, FPT 

1-75 

MB5t0 

2.7 GHz 

10 mA 

5V 

128/144, 

256/272 

8-pin 

Plastic 

FPT 

1-63 

MB511 

1.0 GHz 

23 mA 

5V 

1.2,8 

8-pin 

Plastic 

DIP, FPT 


1-1 
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DATA SHEET 


MB467 

LOW POWER PRESCALER 


FUJITSU 


200MHz, LOW POWER PRESCALER 

The Fujitsu MB467 is a prescaler, which is used in Phase Locked Loop (PLL) frequency 
synthesizer. The MB467 will divide by 10 when SW pin is high (Vcc level) and by 20 when SW 
pin is low (open or 1/2Vcc level). The output Is an open collector output to drive TTL or CMOS 
logic circuit. 

• Operating Frequency: 200MHz max. 

• Low Power Comsumption; 30mW typ. 

• Low Level Input Voltage: ViwSlSOmVfM. 

• Wide Operation Temperature: Ta=-30°C to +85°C 

• Power Supply Voltage: Vcc=+5V±10% 

• Interface 

Input: Capacitor coupling due to internal biased input 
Output: Open collector output 

• Plastic &-pin Standard DuaWn-Line Package: (Suffix: -P) 

• Plastic &-pin Standard Flat Package: (Suffix: -PF) 



ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

V,N 

—0.5 to Vcc 

V 

Output Current 

lo 

0 to +5 

mA 

Junction Temperature 

Ti 

+125 

°C 

Storage Temperature 

Tstq 

-55 to +150 

°C 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed In the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


PIN ASSIGNMENT 

«[! 

1 o ® 


Vcc|^ 

2 7 

TOP VIEW 

]] NC 

SW 

3 6 

^ CH* 

out[^ 

4 5 

^ GND 

Note: *lt should be open. 



This device contains drcuitiy to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Copyright® 1989 by FUJITSU LIMITED 
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MB467 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Ambient Temperature 

Ta 

-30 


+85 

“C 

Load Capacitance 

Cl 



7 

PF 


ELECTRICAL CHARACTERISTICS 


(Vcc=+5V±10%, Ta=- 30 to +85X) 


Parameter 

Symbol 

Conditions 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

Ice 

Vcc=5.0V, 

Ta=25°C_ 


6 

10 

mA 

High-level Output Voltage 

VoH 

With 2kn pull-up 
resistor to Vcc 

4.0 



V 

Low-level Output Voltage 

VoL 

With 2k£2 pull-up 
resistor to Vcc 



0.4 

V 

input Frequency 

f>N 

VIn- 150mVpL4> 
sine wave 

10 


200 


Input Signal Amplitude for IN 

V,N 


150 


2000 

mVp_p 
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TEST CIRICUIT 



Note: Input frequency has a influence of input signal amplitude, input signal slew rate, and input coupling capacitor value. 

The MB467 can operate down to DC when large value of above parameters are selected. 

The MB467 starts self-oscillation unless signal is input. 

When a double drive, please connect either of input pins to GND by a 39 kohms puli down resistor. The oscillation is prevented 
easily. 

When a single drive, please connect a pull down resistor to unused pin. 


































PACKAGE DIMENSIONS 








MB467 


PACKAGE DIMENSIONS 

(Suffix: -PF) _ 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-D8P-M01) 



.050(1.27) 


- j^l .004(0.10) I 


©1988 FUJITSU LIMITED F08002S-3C 


[(SEATED HEIGHT) 
,002(0.05) MIN 


.089(2.25) MAX 


(STAND OFF) 


+ .016»e pn'I'O-AOv 
.008'® ®°-0.20' 


X 


.020 ±.008 
(0.50±0.20) 


002,^ ic±0.05. 
001 - 0 . 02 ' 


Details of A" part 
^.008(0.20)1 




.020(0.50); 

.007(0.18) 


MAX 

027(0.68) 


Dimensions in 
inches (millimeters) 
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MB501/501L/503/504/504L 

TWO MODULUS PRESCALERS 


Fufrsu 


TWO MODULUS PRESCALERS 


The Fujitsu MB 501/503/504 are two modulus prescalers, which are used in 
Phase Locked Loop (PLL) frequency synthesizer and will divide the input fre¬ 
quency by the modulus of 64/65 or 128/129, 16/17 or 32/33, and 32/33 or 
64/65 respectively. MB 501 L/MB 504L is the low-power version of MB 501/ 

MB 504; it will perform exactly the same function as MB 501/MB 504 but with 
much lower power dissipation. 

The output is 1,6 V peak to peak on ECL level. 

• High Operating Frequency, Low Power Operation. 

1.0 GHzat 150mWtyp. (MB 501) 

1.1 GHzat 50mWtyp. (MB 501 L) 

200 MHz at 40 mW typ. (MB 503) 

520 MHz at 50 mW typ. (MB 504) 

520 MHz at 25 mW typ. (MB 504L) 

• Pulse Swallow Function 

• Wide Operation Temperature T^ = -40°C to -»-85°C 

• Stable Output Amplitude Vqut = 1 -6 Vp_p 

• Complete PLL synthesizer circuit with the Fujitsu MB 87001A, PLL synthesizer 
1C 

• Plastic 8-pin Standard Dual-ln-Line Package or space saving Flat Package 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 


Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.5 to +7.0 

V 

Input Voltage 

V,N 

-0.5 to Vcc 

V 

Output Current 

Vo 

10 

mA 

Ambient Temperature 

Ta 

-40 to +85 

°C 

Storage Temperature 

Tstg 

-55 to+125 




Note: Permanent device damage may occur if ABSOLUTE MAXIMUM 

RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt¬ 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi¬ 
mum rated voltages to this high impedance 
circuit. 
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MB501 

MB501L 

MB503 

MB504 

MB504L 


Fig. 1 - BLOCK DIAGRAMS 







SW 

MC 

Divide Ratio 


H 

H 

1/64 

MB 501/ 

H 

L 

1/65 

MB 501L 

L 

H 

1/128 


L 

L 

1/129 


Note: SW: H = Vcc, L = open 
MC: H = 2.0 V to Vcc, 
L= GNDtoO.8 V 



SW 

MC 

Divide Ratio 


H 

H 

1/16 

IV/ID CAO 

H 

L 

1/17 

IVId dUo 

L 

H 

1/32 


L 

L 

1/33 


Note: SW : H = Vcc. L = open 
MC : H = 2.0 V to S/qC. 
L= GNDto 0.8 V 



SW 

MC 

Divide Ratio 


H 

H 

1/32 

MB 504/ 

H 

L 

1/33 

MB 504 L 

L 

H 

1/64 



L 

1/65 


Note: SW: H = Vcc, L = open 
MC: H = 2.0 V to Vcc- 
L = GNDto 0.8 V 






MB501 

MB501L 

MB503 

MB504 

MB504L 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

< 

o 

o 

4.5 

5.0 

5.5 

V 

Output Current 

•o 


1.2 


mA 

Ambient Temperature 

Ta 

-40 


+85 

°C 

Load Capacitance 

Cl 



12 

pF 


PIN DESCRIPTION 


Pin Number 

Symbol 

Function 

1 

IN 

Input 

2 

Vcc 

DC Supply Voltage 

3 

SW 

Divide Ratio Control Input (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

MC 

Modulus Control Input (See Divide Ratio Table) 

7 

NC 

Non Connection 

8 

IN 

Complementary Input 


1-13 





MB501 

MB501L 

MB503 

MB504 

MB504L 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Conditions 

Power Supply Current 

MB501 

Icc 

I/O pins are 
open 

MB501L 

MB503 

MB504 

MB504L 

Output Amplitude 

o 

> 


Input Frequency 

MB501 

f|N 

With input 
coupling 
capacitor 
lOOOpF 

MB501L 

MB503 

MB504 

MB504L 

Input Signal Amplitude 
for IN 

MB501 

V,N 


MB501L 

MB503 

MB504 

MB504L 

High Level Input Voltage for MC 



Low Level Input Voltage for MC 

V|lM 


High Level Input Voltage for SW 

VlHS** 


Low Level Input Voltage for SW 

ViLS 


High Level Input Current for MC 

•iHM 

BQQ3II 

Low Level Input Current for MC 

IlLM 


Modulus Set-up Time 

MC to OUT 

MB501 

tsET 


MB501L 

MB503 

MB504 

MB504L 



NOTE: * Vcc = 5V, Ta = 25°C 
** Design Guarantee 
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MB501 

MB501L 

MB503 

MB504 

MB504L 


MB501/MB501L TIMING CHART (2 MODULUS) 

Example: Divide ratio = 64/65 


64 65 


< - - ^ ^ 

" . 



MC 


tsET 



Note: When divide ratio of 65 is selected, positive pulse is applied by one to 33. 

The typical set up time is 18 ns (MB501), 16 ns (MB501L) from the MC signal input to the timing of change of prescaler 
divide ratio. 
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MB501 

MB501L 

MB503 

MB504 

MB504L 


MB503 TIMING CHART (2 MODULUS) 

Example: Divide ratio = 16/17 


16 


17 


. 


j 


1.1 


1 


OUT 




MC 


tsET I , tsET 


Note: When divide ratio of 17 is selected, positive pulse is applied by one to 9. 

The typical set up time is 38 ns from the MC signal input to the timing of change of prescaler divide ratio. 



















MB501 

MB501L 

MB503 

MB504 

MB504L 


MB504/MB504LV TIMING CHART (2 MODULUS) 

Example; Divide ratio = 32/33 


32 


33 


m-juui-m. 


j 


16 


16 


;.i_ii. 


17 


1 


OUT 




MC 


tsET J , tsET 


Note: When divide ratio of 33 is selected, positive pulse is applied by one to 17. 

The typical set up time is 20 ns (MB504), 18 ns (MB504L) from the MC signal input to the timing of change of prescaler 
divide ratio. 
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MB501 

MB501L 

MB503 

MB504 

MB504L 



TYPICAL CHARACTERISTICS CURVES 


Fig. 3 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 















MB501 

MB501L 

MB503 

MB504 

MB504L 


TYPICAL CHARACTERISTICS CURVES (continued) 


Fig. 4 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 



INPUT FREQUENCY (MHzJ 

Fig. 5 - INPUT SIGNAL AMLITUDE vs. INPUT FREQUENCY 



Fig. 6 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 
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MB501 

MB501L 

MB503 

MB504 

MB504L 


TYPICAL CHARACTERISTICS CURVES (continued) 

Fig. 7 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 
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10 20 50 100 200 500 1000 

INPUT FREQUENCY (MHz) 


Fig. 8 - TYPICAL APPLICATION EXAMPLE 



An example of application of MB501/501L/503/504/504L with PLL Synthesizer 1C MB87001A 


- 2 ( 





© 1988 FUJITSU LIMITED D08006S-2C 


Dimensions in 
inches (millimeters) 








MB501 

MB501L 

MB503 

MB504 

MB504L 


PACKAGE DIMENSIONS (Continued) 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M01) 


.089(2.25) MAX 
*|(SEATED HEIGHT) 
.002(0.05) MIN 
I [ (STAND OFF) 


.307±.016 
INDEX |(7.80±0.40) 

.209 ±.012 
) (5.30±0.30) 


268 _ 008 '® ®°- 0 . 20 ' 


.050(1.27) .018±.004| 


TYP j(0.45±0.10) 

.150(3.81) i 


01^.005(0.13)®] 



.004(0.10) I 


\ .020± 008 
[ (0.50±0.20) 


e±.002i^ i(-±0-05i 

6_ ooi(0 ^5-0.02> 


Details of "A” part 



^.020(0.50) 

.007(0.18) 

MAX 

■027(0.68 ) 

MAX 


8 FUJITSU LIMITED F08002S-3C 


Dimensions in 
inches (millimeters) 
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DATA SHEET 


Fufrsu 


MB501LV/504LV 

LOW VOLTAGE/LOW POWER TWO MODULUS PRESCALERS 


LOW VOLTAGE/LOW POWER TWO MODULUS 
PRESCALERS 

The Fujitsu MB501LV/504LV are low power and low voltage versions of 
MB501/504 two modulus prescalers used in Phase Locked Loop (PLL) fre¬ 
quency synthesizer and will divide the input frequency by the modulus of 
64/65 or 128/129, and 32/33 or 64/65 respectively. 

The output level is 1.1V peak to peak on ECL level. 

• Wide Low Voltage Operation- 3.0 V typ., + 2.7 to 4.5 V 

• High Frequency Operation, Low Power Operation (Vj^ = -12dBm min.) 

1.1 GHz at 36 mW typ. (MB 501LV) 

520 MHz at 18 mW typ. (MB 504LV) 

• Pulse Swallow Function 

• Wide Operation Temperature = -40°C to -<-85°C 

• Stable Output Amplitude Vqut ~ 1-1 Vp.p typ. 

• Built-in a termination resistor 

Stable output amplitude is obtained up to output load capacitance of 8 pF. 

• Complete PLL synthesizer circuit with the Fujitsu MB 87001 A, PLL synthe¬ 
sizer 1C 

• Plastic 8-pin Standard Dual-ln-Line Package or space saving Flat Package 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to + 7.0 

V 

Input Voltage 

V,N 

-0.5 to Vcc 

V 

Output Current 

•o 

10 

mA 

Storage 

Temperature 

Tstg 

-55 to 4-125 




NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt¬ 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi¬ 
mum rated voltages to this high impedance 
circuit. 
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MB501LV 

MB504LV 







MB501LV 

MB504LV 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 


Min 

Typ 


Supply Voltage 

< 

o 

o 

2.7 

3.0 



Output Current 

•o 


1.2 


mA 

Ambient Temperature 

Ta 

-40 


+85 

°C 

Load Capacitance 

Cl 



8 

pF 


PIN DESCRIPTION 


Pin Number 

Symbol 

Function 

1 

IN 

Input 

2 

Vcc 

DC Supply Voltage 

3 

SW 

Divide Ratio Control Input (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

MC 

Modulus Control Input (See Divide Ratio Table) 

7 

NC 

Non Connection 

8 

Tn 

Complementary Input 
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MB501LV 

MB504LV 



ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Conditions 

Value 





Power Supply Current 

MB501LV 

■ 

Vcc = 3.0V 

I 


m 

mn 



B 

B 

mA 

Output Amplitude 

Vo 


0.8 

1.1 


Vp.p 

Input Frequency 

MB501LV 

f IN 

with input 

coupling 

capacitor 

1000 pF 

10 


1100 

mi 

MB504LV 

10 

B 

520 

MHz 

Input Signal Amplitude 

V,N, 


-12 



IIQH 

High Level Input Voltage for MC Input 

Vihm 

V|hm = ’/2Vcc +0.3 

V|HM 



B 

Low Level Input Voltage for MC Input 

Vilm 



B 

0.8 

V 

High Level Input Voltage for SW Input 

ViHS* 


< 

O 

o 

1 

o 

Vcc 

Vcc+0.1 

V 

Low Level Input Voltage for SW Input 

, 

V,LS 

_ 


OPEN 

V 

High Level Input Current for MC Input 

n 

V,H = 2.0V 



0.4 

mA 

Low Level Input Current for MC Input 

n 

V,L = 0.8V 

-0.2 

B 


mA 

Modulus Set-up Time 

MC to OUT 

MB501LV 

tSET 




26 

ns 

MB504LV 

■ 

18 




Note: ‘Design Guarantee 
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MB501LV 

MB504LV 


MB501LV TIMING CHART (2 MODULUS) 

Example: Divide ratio = 64/65 




Note: When divide ratio of 65 is selected, positive pulse is applied by one to 33. 

The typical set up time is 16 ns from the MC signal input to the timing of change of prescaler divide ratio. 
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MB501LV 

MB504LV 
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JPUT SIGNAL AMPLITUDE 












a 


MB501LV 

MB504LV 


Fig. 5 - TYPICAL APPLICATION EXAMPLE 
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MB501LV 

MB504LV 


PACKAGE DIMENSIONS 


8-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-08P-M01) 


-> + ,016 
-.012 




h.014 



Dimensions in 
inches (millimeters) 
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MB501LV 

MB504LV 


PACKAGE DIMENSIONS (Continued) 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M01) 




cyj .004(0.1^ 


.089(2.25) MAX 


|(SEATED HEIGHT) 
002(0.05) MIN 


(STAND OFF) 


pT.01 6/e 

®-.008'° ®^-0.20' 




I ' 

—II— .006^ 


.020±.008 

(0.50±0.20) 


002,n ip: + 0.05. 

, 001 ( 0 -^ 5 - 0 . 02 ) 


Details of ' A ' part 
*008(0.20); 



1988 FUJITSU LIMITED F08002S-3C 


Dimensions in 
inches (millimeters) 
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Edition 3.0 





MB501SL 

SUPER LOW POWER TWO MODULUS PRESCALER 


SUPER LOW POWER TWO MODULUS PRESCALER 

The Fujitsu MB501SL is a super tow power version of MB501 two modulus prescaier used in 
Phase Locked Loop (PLL) frequency synthesizer and divides the input frequency by the 
modulus of 64/65 or 128/129, respectively. The MB501SL achieves extremely small stay 
capacitance of internal element, realized through the use of Fujitsu Advanced Process 
Technology. As the results, high speed operation is achieved with low power supply current 
of 5 mA typ., about a half current value of MB501L. 

• High Frequency Operation fmax = 1.1 GHz max. (Vin = -14bBm) 

• Pulse Swallow Function: 64/65,128/129 

• Low Power Supply Current; 5.0mA typ. 

• Stable Output Amplitude: Vo = 1.6Vp-p typ. 

• Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL synthesizer 1C 

• Plastic 8-pin Dual-In-Line Package 
Plastic 8-pin Mini Flat Package 

• Built-in Termination Resistor 

Stable output amplitude is obtained up to output load capacitance of 8 pF. 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

V,N 

—0.5 to Vcc 

im 

Output Current 

lo 

10 

mA 

Storage Temperature 

Tstg 

-55 to+125 




PLASTIC PACKAGE 
DIP-08P-M01 



NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advis^ that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Copyright ©1990 by FUJITSU LIMITED 
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MB501SL 





































MB501SL 


I 



RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 


5.0 

5.5 

V 

Operating Temperature 

Ta 

-40 

- 

+85 

°C 

Load Capacitance 

CL 

- 

- 

8 

PF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

Icc 

- 

- 

5.0 

■1 

mA 

Output Amplitude 

Vo 

Built-in a termination 
resistor. 

Load capacitance = 8pF 

1.0 

1.6 

- 

Vp.p 

Input Frequency 

fin 

With input coupling 
capacitor lOOOpF 

10 

- 

1100 

MHz 

Input Signal Amplitude 

V,N 

- 

-14 

- 

0 

dBm 

High Level Input Voltage for MC 

V|HM 

- 

2.0 

- 

- 

V 

Low Level Input Voltage for MC 

V,lm 

- 

- 

- 

0.8 

V 

High Level Input Voltage for SW 

V,HS* 

- 

mmn 

miQH 

Vcc+ 0.1 

m 

Low Level Input Voltage for SW 

V|LS 

- 

OPEN 

V 

High Level Input Current for MC 

l|HM 

V,H = 2.0V 

- 

- 

0.4 

mA 

Low Level Input Current for MC 

mn 

V,l=0.8V 

-0.2 

- 

- 

mA 

Modulus Set-up Time MC to Output 

tsET 

- 

- 

16 

26 

ns 


Note: ♦ Design Guarantee 
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MB501SL 
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MINIMUM INPUT SIGNAL AMPLITUDE V,n (dBm) MINIMUM INPUT SIGNAL AMPLITUDE V,n (dBm) 


MB501SL 


TYPICAL CHARACTERISTICS CURVES 


Fig. 3 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 



INPUT FREQUENCY f,N(GHz) 


Fig. 4 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 









MB501SL 









MB501SL 


Fig. 8-TYPICAL APPLICATION EXAMPLE 



OUTPUT 
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MB501SL 


PACKAGE DIMENSIONS 


8-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-08P-MK)1) 





01988 FUJITSU LIMITED D08006S-2C 


Dimensions in 
inches (miliimeters) 

















MB501SL 


PACKAGE DIMENSIONS (Continued) 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M02) 


ic rtc +0.25i 

{5.05_q 20 ) 



.236 + .016 
(6.00 + 0.40) 


,154+012 
(3.90 + 0.30) 

_i. 




.197 + .012 
(5.00 + 0.30) 


.020+ 008 
(0.50 + 0.20) 


.050(1.27) 

TYP ■‘I 




004(0.10) I 


^.150(3.81) ^ 

REF 


.008+ 002 
(0.20 + 0.05) 


Details of "A" part 
.016(0.40) 


.007(0.18) 

MAX 

.026(0.65) 

MAX 


01988 FUJITSU LIMITED F08004S-2C 


Dimensions in 
inches (millimeters) 


[2 













June 1991 


cP 


mzzzi":—":ziz :"zzz . DATA SHEET = 

MB505-16 

Ultra High Frequency Prescaler 



ULTRA HIGH FREQUENCY PRESCALER 

The Fujitsu MB505 is a high frequency prescaler used in Phase Locked Loop 
(PLL) frequency synthesizer and will divide the input frequency by the 
modulus of 128 or 256. The output level is 1.6V peak to peak on ECL level. 

Its ultra high frequency operation provides wide application range, such as 
Direct Broadcasting Satellite System, CATV system, UHF Transceiver, etc. 


• High Frequency Operation I.SGHzmax. 

• Low Power Dissipation 45 mW typ. 

• Wide Operation Temperature -40‘’C to+85°C 


• Stable Output Amplitude 


= 1.6 Vp 


Complete PLL synthesizer circuit with the Fujitsu MB 87006A, PLL synthe¬ 
sizer 1C 

Plastic 8-pin Standard Dual-ln-Line Package or Flat Package 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Raging 

Symbol 

Value 

Unit 

Supply Voltage 

Vec 

-0.5 to +7.0 

V 

Input Voltage 

V,N 

-0.5 to Vec 

V 

Output Current 

•o 

10 

mA 

Storage Temperature 

I 

Tstg 

-55 to +125 

‘^C 



PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


PIN ASSIGNMENT 


inE 

VccE 

swE 

outE 


8 
7 

TOP VIEW 
3 6 


'o 

2 


El IN 

□ NC 

□ nc 
Dgnd 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static vo't- 
ages or electric fields However, it is advisee 
that normal precautions be taken to avoid 
application of any voltage higher than maxi¬ 
mum rated voltages to this high impedance 
circuit. 
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MB505-16 


Fig. 1 - MB 505 BLOCK DIAGRAM 



Note: SW: H = S/qC’ L- 


PIN DESCRIPTION 


Pin Number 

Symbol 

Function 

1 

IN 

Input 

2 

< 

o 

o 

Power Supply Voltage 

3 

SW 

Divide Ratio Control Input Selecting divide ratio (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

NC 

No Connection 

7 

NC 

No Connection 

8 

In 

Complementary Input 
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MB505-16 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

< 

o 

o 

4.5 

5.0 

5.5 

V 

Output Current 

•o 


1.2 


mA 

Ambient Temperature 

Ta 

-40 


+85 

°C 

Load Capacitance 

Cl 



12 

pF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Conditions 

Value 

Unit 

Min 

Typ 

Max 

Supply Current 

Icc 



9 


mA 

Output Amplitude 

Vo 


1.0 

1.6 


Vp-p 

Input Frequency 

^IN 

with Input coupling 
capacitor 1000 pF 

100 


1600 

MHz 

Input Signal Amplitude 

V,N 


0.15 


1.2 

Vp.p 

High Level Input Voltage for SW 

V.HS 


Vcc-0.1 

Vcc 

o 

1 

u 

u 

> 

V 

Low Level Input Voltage for SW 

V|LS 



Open 


V 


Fig. 2 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 


a _ 

E 




Vcc 

5.0V 

IMUM INPUT SIGNAL AMPLITUDE 

S § § 8 

o O o o o 




Ta = 

25° C 







































__ 



100 200 500 1000 2000 

INPUT FREQUENCY (MHz) 
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MB506 

ULTRA HIGH FREQUENCY PRESCALER 


ULTRA HIGH FREQUENCY PRESCALER 

The Fujitsu MB506 is a high frequency prescaler used in Phase Locked Loop 
(PLL) frequency synthesizer and will divide the input frequency by the 
modulus of 64, 128 or 256. The output level Is 1.6V peak to peak on ECL 
level. 

Its ultra high frequency operation provides wide application range, such as 
Direct Broadcasting Satellite System, CATV system, UHF Transceiver, etc. 


• High Frequency Operation 2.4GHz max. 

• Power Dissipation 90 mW typ. 

• Wide Operation Temperature -40°Cto+85°C 

• Stable Output Amplitude Vqut = 1 -6 Vp.p 

• Complete PLL synthesizer circuit with the Fujitsu MB 87006A, PLL syn¬ 
thesizer 1C 

• Plastic 8-pirr Standard Dual-1 n-Line Package or Flat Package 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry Q protect the 
inputs against damage due to hgh static volt¬ 
ages or electric fields. Howevei it is advised 
that normal precautions be tiken to avoid 
application of any voltage higisr than maxi¬ 
mum rated voltages to this hSlh impedance 
circuit. _____ 
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MB506 


Fig. 1 - MB 506 BLOCK DIAGRAM 




Input 

Buffer 


IN 

IN o- 


C Q 


D qI-I 


C Q 


D Q 

C Q 




SW2o—j SWIo—[>—I 


D Q 
C Q| 


P Pd qU 


C Q 


D Q 

C Q 




D 

Q 

SW 


C 

Q 


sw 

c q! 


Output 

Buffer 


-!> 


-oOUT 


SWl 

SW2 

Divide Ratio 

H 

H 

1/64 

L 

H 

1/128 

H 

L 

1/128 

L 

L 

1/256 

Note: H 

< 

o 

o 

L = open 


PIN DESCRIPTION 


Pin Number 

Symbol 

Function 

1 

IN 

Input 

2 

< 

o 

o 

Power Supply Voltage 

3 

SWl 

Divide Ratio Control Input Selecting divide ratio (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

SW2 

Divide Ratio Control Input Selecting Divide Ratio (See Divide Ratio Table) 

7 

NC 

No Connection 

8 

In 

Complementary Input 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Output Current 

•o 


1.2 


mA 

Ambient Temperature 

Ta 

-40 


+85 


Load Capacitance 

Cl 



12 

pF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 



Value 

Unit 


Min 

Typ 

Max 

Supply Current 

*cc 



18 


mA 

Output Amplitude 

Vo 


1.0 

1.6 


Vp.p 

Input Frequency 


with input 
coupling 

Ta = -40°C 
to 85°C 

100 


2200 


f|N 

capacitor 
1000 pF 

Ta = -40‘^C 
to 60° C 




MHz 






5.5 

rIPm 



-4 


5.5 

QdiTi 

High Level Input Voltage for SW 

VlHS* 


< 

o 

n 

1 

p 

Vcc 

Vcc+0.1 

V 


V|LS 




— 



Note: * Design Guarantee 


Fig. 2 - 
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1000 

800 

600 

400 

200 

0 

100 200 500 1000 2000 5000 







Vcc 

Ta 

— 

;=5.0V 
= 25° C 
















- 











__J 

✓ 


INPUT FREQUENCY (MHz) 


1-49 

















MB506 


PACKAGE DIMENSIONS 


8-LEAD PLASTIC DUAL-IN-LINE PACKAGE 
(CASE No.: DIP-08P-M01) 


8-LEAD PLASTIC FLAT PACJAGE 
(CASE No.: FPT-08P-M01) 




© 1987 FUJITSU LIMITED D08006S-2C 


Dimensions in ! 
inches (millimeters) 


© 1987 FUJITSU LIMITED F08002S-2C 


Dimensions in 
inches (miliimeters) 
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DATA SHEET 


FUpSU 


MB507 

1.6 GHz TWO MODULUS PRESCALER 


1.6 GHz TWO MODULUS PRESCALER 

The Fujitsu MB507 is a 1.6 GHz two modulus prescaler used in Phase Locked 
Loop (PLL) frequency synthesizer and will divide the input frequency modulus 
of 128/129 or 256/257. 

The output level is 1.6 V peak to peak on ECL level. 


• High Frequency Operation: 1.6 GHz max. 

• Power Dissipation: 90 mW typ. 

• Pulse Swallow Function 

• Wide Operation Temperature: -40°Cto+85°C 

• Stable Output Amplitude: Vout = 1-6 Vp.p 

• Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL syn¬ 
thesizer 1C 

• Package 

Standard 8-pin Dual-ln-Line Package (Suffix: -P) 

Standard 8-pin Flat Package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.5 to -t-7.0 

V 

Input Voltage 

V,N 

—0.5 to Vqc 

V 

Output Current 

•o 

10 

mA 

Storage Temperature 

Tstg 

-55 to-1-125 




PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


PIN ASSIGNMENT 


lO 8 

2 7 
TOP VIEW 

3 6 

4 5 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt¬ 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi¬ 
mum rated voltages to this high impedance 
circuit. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

< 

o 

o 

4.5 

5.0 

5.5 

V 

Output Current 

•o 


1.2 


mA 

Ambient Temperature 

Ta 

-40 


+85 

°C 

Load Capacitance 

Cl 



12 

pF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Conditions 

Value 

Unit 

Min 

Typ 

Max 

Supply Current 

Icc 



18 


mA 

Output Amplitude 

Vo 


1.0 

1.6 


Vp.p 

Input Frequency 

■f|N 

With input coupling 
capacitor lOOOpF 

100 


1600 

MHz 

Input Signal Amplitude 

V,N 


-4 


10 

dBm 

High Level Input Voltage for MC 
Input 

V ihm 


2.0 



V 

Low Level Input Voltage for MC 
Input 

Vilm 




0.8 

V 

High Level Input Voltage for SW 
Input 

V IHS* 


< 

o 

o 

1 

o 

Vcc 

Vcc+0-1 

V 

Low Level Input Voltage for SW 
Input 

V|LS 


OPEN 

V 

High Level Input Current for MC 
Input 

1 IHM 

V,H = 2.0V 



0.4 

mA 

-1 

Low Level Input Current for MC 
Input 

1 ILM 

V,L = 0.8V 

-0.2 



mA 

Modulus Set-up Time MC to OUT 

tsET 

1.6 GHz Operation 


18 

28 

ns 


Note; * Design Guarantee 
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Fig. 4 - TYPICAL APPLICATION EXAMPLE 
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PACKAGE DIMENSIONS 

(Suffix: P) 


8-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-08P-M01) 




Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: PF)_ 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M01) 




.089(2.25) MAX 


1.268! 0i|(6.80!0j0| 



© 1968 FUJITSU LIMITED F08002S-3C 


Dimensions in 
inches (millimeters) 
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MB508 

2.3GHz TWO MODULUS PRESCALER 


2.3 GHz TWO MODULUS PRESCALER 

The Fujitsu MB508 is a 2.3 GHz two modulus prescaler used in Phase Locked 
Loop (PLL) frequency synthesizer and divides the input frequency by a 
modulus of 128/130, 256/258 or 512/514. The output level Is 1.6V peak to 
peak ECL level. Its ultra high frequency operation provides wide application, 
such as Direct Broadcasting Satellite System, CATV system, UHF Transceiver, 
etc. 


• High Frequency Operation: f = 2.3 GHz max. (V|n = -4dBm min.) 


• Input Signal Amplitude: 

• Pulse Swallow Function: 

• Power Dissipation: 

• Wide Operation Temperature: -40°C to +85°C 

• Stable Output Amplitude: Vqut = l.OVp.p typ. 


V,N =100mVp.p (f,N = 100MHz to1.8GHz) 
128/130, 256/258, 512/514 
120 mW typ. 



• Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL synthe¬ 
sizer system block 1C 

• Standard Plastic 8-pin Dual-ln-Line Package or Flat Package 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

V,N 

—0.5 to Vqq 

V 

Output Current 

•o 

10 

mA 

Operating Temperature 

Ta j 

-40 to +85 

°C 

Storage Temperature 

Tstg 

-55 to+125 




NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt¬ 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi¬ 
mum rated voltages to this high impedance 
circuit. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Values 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

< 

o 

o 

4.5 

5.0 

5.5 

V 

Output Current 

•o 


1.2 


mA 

Operating Temperature 

Ta 

-40 


+85 


Load Capacitance 

Cl 



12 

pF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Condition 

Values 

Unit 

Min 

Typ 

Max 

Power Supply Current 

•cc 



24 


mA 

Output Amplitude 

Vo 


1.0 

1.6 


Vp-p 

Input Frequency 

f IN 

With input coupling 
capacitor lOOOpF 

100 


2300 

MHz 

Input Signal Amplitude 

V ina 

f,N = 1800MHz to 
2300MHz 

-4 


5.5 

dBm 

V|nb 

fiivi = 100MHz to 
1800MHz 

-16 


10 

dBm 

High Level Input Voltage for MC 

V ihm 


2.0 



V 

Low Level Input Voltage for MC 

V|lm 




0.8 

V 

High Level Input Voltage for SW 

. 

V.HS* 


< 

o 

o 

1 

o 

Vcc 

Vcc+0.1 

V 

Low Level Input Voltage for SW 

V|LS 


OPEN 

V 

High Level Input Current for MC 

)|HM 

V,H = 2.0V 



0.4 

mA 

Low Level Input Current for MC 

•iLM 

V|l = 0.8V 

_ 1 

-0.2 



mA 

High Level Input Current for SW 

l|HS 

< 

X 

11 

< 

o 

o 



250 

juA 

Modulus Set-up Time MC to 

Output at 2.3GHz Operation 

^SET 



18 

28 

ns 


Note: ‘Design Guarantee 
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Fig. 2-TEST CIRCUIT 


Sampling scope input point 
for input waveform 



Vpp SW1 SW2 


Vcc = +5.0V±10% 


Sampling scope prober point 
for output waveform 


lOOOpF 

lOOOpF 

O.ImF 

12pF (Including scope and jig capacitance) 
2kn 


TIMING CHART (2 MODULUS) 

Example: Divide ratio = 128/130 


jin.niiR- - jui.nn.juinn rui 




; tsET : ; tsET ; 

Note: When divide ratio of 130 is selected, positive pulse is applied by two to 66. 

The typical set up time is 18 ns from the MC signal input to the timing of change of prescaler divide ratio. 


























Fig. 4 - TYPICAL APPLICATION EXAMPLE 
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MB508 


Fig. 3 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 









Vcc 
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= 5.0V 








Ta = 

25° C 
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8 7 6 5 

MB508 

Vcc 1234 


12.8 MHz X'tal 
5 V ± 10% 

8 V Max. 

depends on crystal oscillator 
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PACKAGE DIMENSIONS 

(Suffix: -P) 


8-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-08P-M01) 





© 1988 FUJITSU LIMITED D08006-2C 


Dimensbns in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PF) 


8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M01) 




■089<2.25) MAX 


. 268 ^ gi|( 6 . 80 ig; 5 g) 



"t" .002j^ .c'f'O.OBi 


© 1988 FUJITSU LIMITED F08002S-3C 


Dimensions in 
inches (millimeters) 
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MB509 

TWO MODULUS PRESCALER WITH STAND-BY MODE 


TWO MODULUS PRESCALER WITH STAND-BY MODE 

The Fujitsu MB509 is a low power two modulus prescaier which enables pulse 
swallow function. The MB509 is used in Phase Locked Loop (PLL) frequency 
synthesizer and divides the input frequency by the modulus of 64/65 or 128/129, 
respectively. 

Power consumption is 58mW typ. at power supply voltage of 5.0V. The MB509 is 
equipped with the stand by mode which cuts off the power supply current Ice under 
PLL phase lock condition. (lcc=180pA under current cut condition) 

Intermittent operating mode is achieved by using MB509 and MB87076. 


• High Speed; fmax=1.1GHz max. (ViN=-4dBm min.) 

• Pulse Swallow Function: 64/65, 128/129 

• Power Supply Consumption: 58mW typ. 

• Stand-by Current; 180pA typ. 

• Stable Output Amplitude: Vo=1 .6 Vp-p typ. 

• Complete PLL synthesizer circuit with the Fujitsu MB87076, PLL 
frequency synthesizer 1C. 

• Plastic 8-pin Dual-ln-Line Package (Suffix: -P) 

Plastic 8-pin Mini Flat Package (Suffix: -PF) 

• Built-in a Termination Resistor 

Stable output amplitude is obtained up to output load capacitance of 8pF. 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -1-7.0 

V 

Input Voltage 

V,N 

-0.5 to Vcc 

V 

Output Current 

lo 

10 

mA 

Storage Temperature 

Tstg 

-55 to+125 

"C 


NOTE: Permanent device damage may occur if the above Absolute Maxi¬ 
mum Ratings are exceeded. Functional operation should be restricted 
to the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



PLASTIC PACKAGE 
DiP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


PIN ASSIGNMENT 


IN 

Vcc 

sw 

OUT 



This device contains circuity to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that normal precautions be taken to 
avoid applicat'on of any voltage higher than maximum rated 
voltages to this high irnpedance circuit. 


Copyright© 1990 by FUJITSU LIMITED 
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PIN DESCRIPTION 


Pin Number 

Symbol 

Description 

1 

IN 

Input 

2 

Vcc 

Power Supply, +5V 

3 

SW 

Divide Ratio Control Input (See Divide Ratio Table) 

4 

OUT 

Output 

5 

GND 

Ground 

6 

MC 

Modulus Control Input (See Divide Ratio Table) 

7 

PS 

Stand-by Control input (See Divide Ratio Table) 

8 

In 

Complementary Input 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Operating Temperature 

Ta 

-40 

- 

+85 

«c 

Load Capacitance 

CL 

- 

- 

8 

PF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

Icc 


- 

11.6 

- 

mA 

Ips 

Stand-by mode 


180 

- 

pA 

Output Amplitude 

Vo 

Built-in a Termination 

Resitor. 

Load capacitances8pF 

1.0 

1.6 

- 

Vp-p 

Input Frequency 

f|N 

With input coupling 
capacitor lOOOpF 

10 

- 

1100 

MHz 

input Signal Amplitude 

V,N 

- 

-4 

- 

5.5 

dBm 

High Level input Voltage for MC 

V,H 

- 

3.0 

- 

- 

V 

Low Level Input Voltage for MC 

V,L 

- 

- 

- 

0.8 

V 

High Level Input Voltage for SW 

Vhs* 


Vcc-0.1 

Vcc 

Vcc+0.1 

V 

Low Level Input Voltage for SW 

V|U3 


Open 

V 

High Level Input Voltage for PS 

V,H 

- 

2.0 

- 

- 

V 

Low Level Input Voltage for PS 

Vit 

- 

- 

- 

0.4 

V 

High Level Input Current for MC 

IlH 

V,h-3.0V 

- 

- 

0.4 

mA 

Low Level Input Current for MC 

i.L 

V,l=0.8V 

-0.2 

- 

- 

mA 

Modulus Set-up Time MC to Output 

tsET 

- 

- 

16 

26 

ns 


Note: * Design Guarantee 
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Fig. 2-TEST CIRCUIT 


Vcc=+5.0V±10% 


Sampling scope input point 
for input waveform 




Vcc 

SW 

IN 


OUT 

IN 

L_ 

MC 

GND 1 


Sampling scope prober point 
for output waveform 


MC input 


Ci; lOOOpF 
C 2 : lOOOpF 
C 3 : 0.1 ^iF 

Cl.' 8pF (including scope and jig capacitance) 
PS pin is open. 


TWO MODULUS OPERATING TIMING CHART (64/65 DIVIDE RATIO) 

64 65 




' _ ^. • ' / ^ ' 

^ 32^32 pTj 321 I [~[ I [ ["^ 321^331 32^^32 


Notes: When divide ratio of 65 is selected, positive pulse is added by one ' tsrr 
to 33. 

The typical set up time is 16ns from the MC signal input to the 
timing of change of prescaler divide ratio. 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 3 - INPUT SIGNAL AMPLITUDE VS. INPUT FREQUENCY 



Fig. 4 - WAVEFORM OF STAND BY MODE 


^ Power Off ^ 


^ Power On ^ 


PS pin Input 
Signal 


OUT pin 
Output signal 
(Prescaler 
output) 

















\ 


WWW 




4 




50ns/Div. 

Note: About 50 ns of set up time is required both power on/off. 
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PACKAGE DIMENSIONS (continued) 

8-LEAD PLASTIC FLAT PACKAGE 

(Case No.: FPT-8P-M0I) 



mm FUJITSU LIMITED F08002S-3C 



Dimensions in 
inches (millimeters) 
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MB510 

2.7 GHz TWO MODULUS PRESCALER 


2.7 GHz TWO MODULUS PRESCALER 


The Fujitsu MB510 is a ultra high speed two modulus prescaler which enables 
pulse swallow function. The MB510 is used in Phase Locked Loop (PLL) 
frequency synthesizer and divides the input frequency by the modulus of 
128/144 or 256/272, respectively. 

The MB510 achieves extremely small stray capacitance of internal element, 
realized through the use of Fujitsu Advanced Process Technology. As the 
results, ultra high speed is achieved with low power supply current of 10 mA 
typ. 

• High Frequency Operation: 2.7GHz max. 

• Power Dissipation: 50 mW typ. 

• Pulse Swallow Function: 128/144,256/272 

• Wide Operation Temperature: -40°C to +85°C 

• Stable Output Amplitude: Vqut ~ 1-6 Vp-p ^YP- 

• Built-in a Termination Resistor 

• Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL syn¬ 
thesizer 1C 

• Package 

Standard 8-pin Flat Package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.5 to -I-7.0 

V 

Input Voltage 

V,N 

-0.5 to Vcc 

V 

Output Current 

•o 

10 

mA 

Storage Temperature 

Tstg 

-55 to -1-125 
_ 1 

°C 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt¬ 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi¬ 
mum rated voltages to this high impedance 
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MB510 BLOCK DIAGRAM 


-I£_l 


rlc oH 

-jcMq—' 







SW 

MC 

Divide Ratio 

H 

H 

1/128 

H 

L 

1/144 

L 

H 

1/256 

L 

L 

1/272 


Note: SW: H = Vqc» L " 

MC: H = 2.0 V to Vcc. L = GND to 0.8 V 


PIN DESCRIPTION 


OUTPUT 

BUFFER 


1 

IN 

Input 

2 

Vcc 

DC Supply Voltage 

3 

SW 

Divide Ratio Control Input (See Divide Ratio Table) 



Output 


Ground 


Modulus Control Input (See Divide Ratio Table) 
Non Connection 
Complementary Input 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Output Current 



1.2 


mA 

Ambient Temperature 

Ta 

-40 


+85 

°C 

Load Capacitance 




8 

pF 


ELECTRICAL CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Condition 

Value 

Unit 


Typ 

Max 

Supply Current 

• cc 



10.0 

15.0 

mA 

Output Amplitude 

Vo 

Built-in a termination 
resistor. 

Load capacitance = 8pF 


1.6 


Vp.p 

Input Frequency 

fiN 

With input coupling 
capacitor lOOOpF 



2700 

MHz 

Input Signal Amplitude 

V,N 

f,N =10 to 2200 MHz 

-10 


10 

dBm 

f,N =2200 to 2700 MHz 

-4 


10 

High Level Input Voltage for MC 
Input 

V|hm 


2.0 



V 

Low Level Input Voltage for MC 
Input 

V,lm 




0.8 

V 

High Level Input Voltage for SW 
Input 

V,HS* 


Vcc-0.1 

Vcc 

Vcc+0.1 

V 

Low Level Input Voltage for SW 
Input 

V|LS 


OPEN 

V 

High Level Input Current for MC 
Input 

l|HM 

V,H = 2.0V 



0.4 


Low Level Input Current for MC 
Input 

■ 

V,L =0.8V 

-0.2 




Modulus Set-up Time MC to OUT 

fSET 



16 

26 

ns 


Note: *Design Guarantee 
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Fig. 3 - INPUT SIGNAL AMPLIFITUDE vs. INPUT FREQUENCY 
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Fig. 4 - TYPtCAL APPLICATION EXAMPLE 












MB510 
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Fufrsu 



HIGH SPEED PRESCALER 

The Fujitsu MB511 is a 1GHz high speed prescaler designed for use in PLL 
(Phase Locked Loop) frequency synthesizer application. 

The MB511 consumes low power 23mA at 5V up to 1GHz input frequency 
due to adoption of Fujitsu advanced bipolar process. 

The MBSII will divide by 1,2, or 8, respectively and very sensitivity (-20dBm 
min.). So, the MB511 is well suited for electronically tuned TV and CATV 
applications. 


• Wide operating frequency range: 

fin = 50 to 1000MHz (Vin = 
-20dBm) 

• Maximum operating frequency 
depends upon a divide ratio 

1/1: 250MHz max. 

(Buffer through) 

1/2: 500MHz max. 

1/8: 1000MHz max. 

• Low supply current: 23mA @5V 


• High input sensitivity: -20dBm min 

• Stable output amplitude: 

800mVp-p (Cl ^ 5pF) 

• Wide temperature range: 

Ta = -40to+85°C 

• Plastic 8-pin dual-in-line package 

(Suffix: -P) 

Plastic 8-pin flat package 
(Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

Input Voltage 

V,N 

-0.5 to Vcc+0-5 

V 

Outpu^^ Current 

Vo 

10 

mA 

Storage Temperature 

Tstg 

-55 to 125 

°C 



PLASTIC PACKAGE 
DIP-08P-M01 



PLASTIC PACKAGE 
FPT-08P-M01 


PIN ASSIGNMENT 


Vcc 

NC 

OUT 



NOTE; Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt¬ 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi¬ 
mum rated voltages to this high impedance 
circuit. 
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Fig. 1-MB511 BLOCK DIAGRAM 



FUNCTION TABLE 


SI 

S2 

Divide Ratio 

Operating Frequency 

L 

L 

Not use 

- 

L 

H 

1 

250 MHz 

H 

L 

2 

500 MHz 

H 

H 

8 

1000 MHz 


H = Vcc 
L = OPEN 
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PIN DESCRIPTIONS 


Pin No. 

Symbol 

I/O 

Descriptions 

1 

IN 

■ 

Input. The connection with VCO should be an AC connection. 

2 

Vcc 

- 

Power supply voltage input. 

3 

NC 

- 

No connection. 

4 

OUT 


Output. Termination resistor is necessary due to emitter follower output. 

5 

GND 

- 

Ground. 

6 

S2 

D 

Divide ratio control input. 

7 

SI 

1 

Divide ratio control input. 

8 

IN 

1 

Complementary input. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Note 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

4.5 

Bi 


V 


Operating Temperature 

■n 




‘^C 


Load Capacitance 

Cl 



5 

PF 

Termination resistor 500n 
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MB511 



ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 



Note 

Min 



Power Supply Current 

Icc 

15 

23 

32 

mA 

Except termination 
output current. 

Output Amplitude 

Vo 

0.4 

0.8 

1.2 

Vp.p 

500^2 termination. 

Cl = 5pF max. 

Input Frequency 

1/1 


50 


250 

MHz 

Min value is measured 
with coupling capaci¬ 
tor oflOOOpF. 

1/2 

^2 

50 


500 

MHz 

1/8 

fa 

50 


1000 

MHz 

Input Signal Amplitude 

Vin 

-20 


+10 

dBm 

50^2 

High Level Input Voltage 

S1,S2 

V,H 

Vcc“0.7 

o< 

o 

Vcc+O-^^ 

V 


Low Level Input Voltage 

V,L 


OPEN 


V 


High Level Input Current 

S1,S2 

«iH 

40 


160 

ma 

Vcc = 5V 


Fig. 2-TEST CIRCUIT 
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MINIMUM INPUT SIGNAL MINIMUM INPUT SIGNAL 

AMPLITUDE Vjn (dBm) AMPLITUDE Vj^ (dBm) 


MB511 


TYPICAL CHARACTERISTICS CURVES 


Fig. 3 - INPUT SENSITIVITY CURVE 
(1/8 DIVIDE RATIO) POWER 
SUPPLY VOLTAGE DEPENDENCY 


Fig. 4- INPUT SENSITIVITY CURVE 
(1/2 DIVIDE RATIO) POWER 
SUPPLY VOLTAGE DEPENDENCY 




10 100 1000 
INPUT FREQUENCY (MHz) 


Fig. 5- INPUT SENSITIVITY CURVE 
(1/1 DIVIDE RATIO) POWER 
SUPPLY VOLTAGE DEPENDENCY 


Fig. 6 - POWER SUPPLY CURRENT 
vs. POWER SUPPLY VOLTAGE 



10 100 1000 


INPUT FREQUENCY fjn (MHz) 



1 - 



























MINIMUM INPUT SIGNAL MINIMUM INPUT SIGNAL 

AMPLITUDE Vjn (dBm) AMPLITUDE Vjp (dBm) 


MB511 


TYPICAL CHARACTERISTICS CURVES (continued) 


Fig. 7 - INPUT SENSITIVITY CURVE 
(1/8 DIVIDE RATIO) 
TEMPERATURE DEPENDENCY 


Fig.8~ INPUT SENSITIVITY CURVE 
(1/2 DIVIDE RATIO) 
TEMPERATURE DEPENDENCY 




10 100 1000 10 100 1000 
INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz) 


Fig. 9- INPUT SENSITIVITY CURVE 
(1/1 DIVIDE RATIO) 
TEMPERATURE DEPENDENCY 


Fig. 10 - POWER SUPPLY CURRENT 
vs. TEMPERATURE 




INPUT FREQUENCY (MHz) 


TEMPERATURE T^ (°C) 
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Dimensions in 
inches (millimeters) 







Section 2 


Phase-Locked Loops (PLLs) — At a Glance 


Page 

Device 

Maximum 

Frequency 

Supply 

Ice Vec 

Programmable 

Counter 

Swallow 

Counter 

Reference 

Counter 

2-3 

MB87001A 

13 MHz 

2.0 mA 
typ. 

4.5 V- 

5.5 V 

Binary 

16-1023 

Binary 

0-127 

Binary 

8-2048 

2-15 

MB87006A 

10 MHz 

3.5 mA 

3.0 V- 
6.0 V 

Binary 

16-1023 

Binary 

0-127 

Binary 

8-16383 

2-27 

MB87014A* 

40 MHz 

8.0 mA 
typ. 

4.5 V- 

5.5 V 

Binary 

5-1023 

Binary 

0-63 

Binary 

5-65535 

2-37 

MB87076 

15 MHz 

3.0 mA 

2.7 V- 
5.5 V 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

2-51 

MB87086A 

95 MHz 

8.0 mA 

4.5 V- 

5.5 V 

Binary 

5-1023 

None 

Binary 

5-65535 

2-61 

MB87087 

10 MHz 

2.5 mA 
typ. 

at 3.0 V 

3.5 mA 
typ. 

at 5.0 V 

3.0 V- 
6.0 V 

Binary 

5-1023 

Binary 

0-127 

Binary 

5-16383 

2-73 

NOTES: 

MB87090 15 MHz 4.0 mA 2.7 V- Binary 

typ. 5.5 V 16-1023 

at 5.0 V 

13 MHz 3.0 mA 

typ. 

at 3.0 V 

All devices are available in 16-pin plastic DIP and FPT packages. 

‘Also has on-chip 180 MHz dual modulus (+ 64/65) prescaler. 

Binary 

0-127 

Binary 

8-2048 
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November 1990 
Edition 7.0 

DATA SHEET 


Fufrsu 


MB87001A 

CMOS PLL FREQUENCY SYNTHESIZER 


CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) 
FREQUENCY SYNTHESIZER 

The Fujitsu MB87001A, fabricated in CMOS technology, is a serial input PLL frequency 
synthesizer. 

The MB87001A contains an inverter for oscillator, a programmable reference divider, a divide 
factor of programmable reference divider control circuit, a phase detector, a charge pump, a 
17-bit shift register, a 17-bit latch, a programmable divider (a binary 7-bit swallow counter, a 
binary 10-bit programmable counter), and a control generator for an external dual modulus 
prescaler. 

When supplemented with a loop filter and VCO, the MB87001A contains the necessary circuit 
to make up PLL frequency synthesizer. Typically, a dual modulus prescaler such as the 
MB501L can be added, allowing input frequency operation up to 1.1 GHz. 


• Single power supply voltage: 

Vdo = 2.7V to 5.5V 

• Wide temperature range: 

Ta = -40 to 85°C 

• 13MHz typical input capability 
@5V (fin input) 

• On-chip inverter for oscillator 

• 8 divide factors for programmable 
reference divider are selected by Si, 
Sz and Sa input (1/8,1/16, 1/64, 


1/128, 1/256, 1/512, 1/1024, 

1/2048) 

Programmable 17-bit divider with 
input amplifier consisting of: 

Binary 7-bit swallow counter 
Binary 10-bit programmable counter 

Two types of phase detector output: 
On-chip charge pump output 
Output for external charge pump 

Easy interface to Fujitsu dual 
modulus prescaier 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Power Supply Voltage 

Voo 

Vss -0.5 to Vss +7.0 

Input Voltage 

VlN 

Vss -0.5 to Vdo +0.5 

Output Voltage 

VoUT 

Vss -0.5 to Vdo +0.5 

Output Current 

lour 

±10 

Open-drain Output 

Voop 

Vss-0.5 to Voo +3.0 

Operating Temperature 

Ta 

-40 to+85 

Storage Temperature 

Tstg 

-65 to+150 

Power Dissipation 

Pd 

300 


(Vss = OV) 


Unit 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M06 



PIN ASSIGNMENT 

Voo CZ 1 

16 r 

2 

Clock C 2 

15 ’ 

2 OSCiN 

Data d 3 

14 " 

] OSCouT 

LE □ 4 

13 I 



TOP VIEW 


fin Cl ® 

12 _ 

2 S2 

M C ® 

11 “ 

Ds, 

IT 

o 

10 ” 


Dollj g 

9 “ 

U+R 


Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


Thi$ device contains circuitry to protect the inputs against 
damage due to high static voitages or electric fields. However, 
k is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voitages to this high impedance circuit._ 
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MB87001A 



11-bit 

Programmable 
Reference Divider 


Phase Detector 


2 - 














MB87001A 


PIN DESCRIPTION 


Pin No. 

Symbol 

I/O 

Description 

m 

Vdo 

- 

Power supply voltage input. 

■ 

Clock 

■ 

Clock signal input for 17-bit shift register. 

Each rising edge of the dock shifts one bit of the data into the shift register. 

3 

Data 

■ 

Serial data input for 17-bit shift register. 

The data is used for setting the divide factor of programmable divider. 

■ 

LE 

■ 

Load enable input. 

When this pin is high level (high active), the data stored in the 17-bit shift register is transferred to 
17-bit latch. 

5 

fin 

■ 

Input for programmable divider from VCO or prescaler output. 

This input involves bias circuit and amplifier. The connection with external dual modulus prescaler 
should be an AC connection. 

6 

M 

o 

Control output for external dual modulus prescaler. 

The connection to the prescaler should be DC connection. This output level is synchronized with fall¬ 
ing edge of fin input signal (pin #5). 

Pulse Swallow Function: 

MB501L M = High: Preset modulus factor 64 or 128 

M = Low: Preset modulus factor 65 or 129 

7 

LD 

0 

Output of phase detector. 

It is high level when fr and fp are equal, and then the loop is locked. Otherwise it outputs negative 
pulse signal. 

8 

Do 

o 

Three-state charge pump output of the phase detector. 

The mode of Do is changed by the combination of programmable reference divider output frequency 
fr and programmable divider output frequency fp as listed below: 
fr > fp: Drive mode (Do = High level) 

fr=fp: High-impedance mode 

fr < fp: Sink mode (Do = Low level) 

9 

10 

<j>R 

OP 

o 

o 

Phase detector outputs for an external charge pump. 

The mode of ({>R and (|)P is changed by the combination of programmable reference divider output 
frequency fr and programmable divider output frequency fp as listed below: 

(t)R 

fr > fp: Low Low 

fr=fp: Low High-Impedance 

fr < fp: High High-Impedance 

* <j)P is a N-channel open drain output. 
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PIN DESCRIPTION (Continued) 







































MB87001A 


FUNCTIONAL DESCRIPTION 

DIVIDE FACTOR OF PROGRAMMABLE DIVIDER 

Serial data of binary code is input to Data pin. These data are loaded into tfie 17-bit shift register from MSB. When load enable signal LE is high, 
the data stored in the 17-bit shift register is transferred to the 17-bit latch. 

The data Q to Q set a divide factor of the binary 7-bit swallow counter and data@ to @ set a divide factor of binary 10-bit programmable 
counter. In other words, serial data is equivalent to the divide factor of programmable divider. 


Fig. 2 - BLOCK DIAGRAM OF PROGRAMMABLE DIVIDER 


Data 

Clock 


LE 
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MB87001A 


Binary 7-bit Swallow Counter Data input 


© 

© 

© 

© 

© 

© 

o 

Divide 
Factor A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

0 

0 

0 

1 

1 

3 

0 

0 

0 

0 

1 

0 

0 

4 

1 

1 

1 

1 

1 

1 

1 

127 


Note: Divide factor A; 0 to 127 

Depending upon the divide factor set input (SW) of external prescaler, the input data should be as follows. 
Example MB501L 

SW = H (64/65): Bit 7 of shift register (7) should be zero. 


Binary 10-bit Programmable Counter Data input 



© 

© 

© 

© 


® 

© 

© 

© 

Divide 
Factor N 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

5 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

6 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

7 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1023 


Note: Divide factor less than 5 is prohibited. 
Divide factor N: 5 to 1023 


PULSE SWALLOW FUNCTION 

fvco = [(N X M) + A] X fr 

fvco : Output frequency of external voltage controlled oscillator (VCO) 

N : Preset divide factor of binary 10-bit programmable counter (5 to 1023) 

M : Preset modulus factor of external dual modulus prescaler (e.g. 64 in 64/65 mode, 128 in 128/129 mode of an MB501L prescaler) 
A : Preset divide factor of binary 7-bit swallow counter (0 to 127) 
fr : Output frequency of the programmable reference divider 
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MB87001A 


TIMING CHART 


• tt - tsS Ijis, 


Data Si7 = MSB 


xexe:; 


Clock 


jijin 


LE 




Clock: Clock signal input for the 17-bit shift register. 

Each rising edge of the clock shifts one bit of data into the shift register. 

Data : Serial data input for the 17-bit shift register. 

LE ; Load enable input. 

When LE is high (high active), the data stored in the 17-bit shift register is transferred to the 17-bit latch. 
The 17-bit data is used for setting a divide factor of the programmable divider. 


RECOMMENDED OPERATING CONDITIONS 


(Vss = OV) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vdd 

2.7 


5.5 

V 

Input Voltage 

V.N 

Vss 


Vdd 

V 

Operating Temperature 

Ta 

-40 


+85 

“C 

























MB87001A 


ELECTRICAL CHARACTERISTICS 

(Vdd = 3.0V, Vss = OV, Ta = -40 to 85°C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except fin 
and OSCin 

ViH 


2.1 



V 

Low-level Input Voltage 

ViL 




0.9 

Input Sensitivity 

fin 

Vfin 

Amplitude in AC 

0.8 



Vp-p 

OSCin 

Vosc 

coupling, sine wave 

1.0 



High-level Input Current 

Except fin 
and OSCin 

IlH 

§ 

> 

II 

Z 

> 


1.0 


pA 

Low-level Input Current 

I.L 

ViN = Vss 


-1.0 


Input Current 

fin 

Ifin 

ViN = Vss to Vdd 


±30 


pA 

OSCin 

lose 

ViN = Vss to Vdd 


±30 


High-level Output Voltage 

Except (!>P 
and OSCout 

VOH 

1 

II 

J 

2.95 



V 

Low-level Output Voltage 

VoL 

loL = OjiA 



0.05 

Low-level Output Voltage 

(DP 

VoLP 

loL= 0.8mA 



0.8 

V 

High-level Output Voltage 

OSCout 

VoHX 

1 

II 

J 

2.50 



Low-level Output Voltage 

VOLX 

1 

o 

II 

o 



0.50 

High-level Output Current 

Except <DP 

loH 

Voh = 2.0V 

-0.5 



mA 

Low-level Output Current 

and OSCout 

loL 

Vol=0.8V 

0.5 



N-channel Open Drain 

Cut Off Current 

<DP 

loFF 

Vo= Vdd +3.0 


1.0 


pA 

Power Supply Current*’ 

Ido 



2.0 


mA 

Max. Operating Frequency of 

Programmable Reference Divider 

fmaxd 


13 

20 


MHz 

Max. Operating Frequency of 

Programmable Divider 

fmaxp 


10 

20 


MHz 


Note: *1: fin = 5.0MHz, 12.8MHz Crystal is connected between OSCin and OSCout. 

Inputs are connected to ground except for fin and OSCm. Outputs are open. 
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MB87001A 


ELECTRICAL CHARACTERISTICS (continued) 

_(VpD = 5.0V, Vss = OV, Ta = --40 to 85°C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 


High-level Input Voltage 

Except fin 
and OSCin 



3.5 



V 

Low-level Input Voltage 

ViL 




1.5 

Input Sensitivity 

fin 

Vfin 

Amplitude in AC 
coupling, sine wave 

1.0 



Vp-p 

OSCin 

Vosc 

1.5 



High-level Input Current 

Except fin 
and OSCin 


ViN = VOD 


1.0 


pA 

Low-level Input Current 

IlL 

ViN = Vss 


-1.0 


Input Current 

fin 

Ifin 

ViN = Vss to Vdd 


±50 


pA 

OSCin 

lose 

ViN = Vss to Vdd 


±50 


High-level Output Voltage 

Except (t)P 
and OSCout 

VoH 

loH = OpA 

4.95 



V 

Low-level Output Voltage 

VoL 

II 

o 



0.05 

Low-level Output Voltage 

(DP 

VoLP 

loL= 2mA 



1.0 

V 

High-level Output Voltage 

OSCout 

VoHX 

lo»H = OpA 


■ 


Low-level Output Voltage 

loLX 

1 

o 

II 

d 



0.50 

High-level Output Current 

Except <DP 
and OSCout 


VoH = 4.0V 

-1.0 



mA 

Low-level Output Current 

Bl 

Vol=0.8V 

1.0 



N-channel Open Drain 

Cut Off Current 

<DP 

Q 

V<D= Vdd+3.0 

■ 

1.0 

■ 

pA 

Power Supply Current*’ 

Ido 



3.0 


mA 

Max. Operating Frequency of 

Programmable Reference Divider 

fmaxd 


15 

25 


MHz 

Max. Operating Frequency of 

Programmable Divider 

fmaxp 


13 

25 


MHz 


Note:*1; fin = 5.0MHz. 12.8MHz Crystal is connected between OSCin and OSCout. 

Inputs are connected to ground except for fin and OSCin. Outputs are open. 
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MB87001A 


Fig. 3 -TYPICAL APPLICATION EXAMPLE 

Vsx(Max.8V) 


0.047nF 


16 15 1 

4 1 

3 12 11 1 

0 9 


MB87001A 


1 2 i 



6 

r 8 


47ka 47kQ 47ka 


6 

7 

6 5 1 


MB501SL 1 

1 

2 



XI 

: 12.8MHz x’tal 

Vcc 

:5V± 10% 

Vsx 

; 8V Max. 

Cl, C 2 

: depends on crystal osillator 


TYPICAL CHARACTERISTICS CURVES 


Inupt Sensitivity vs. input Frequency 
(fin Section) 

Voo - 5V. Ta - 25“C 


Power Suppiy Current vs. Input Frequency 

Voo - 5V, Ta - 25“C 


Input 

Sensitivity so 
Vfin (mVp.p) 



Power 
Supply 
Current 3 
Ido (mA) 



1 2 5 10 20 50 100 

Input Frequency fin (MHz) 


5 10 20 50 10( 

Input Frequency fin (MHz) 










MB87001A 


PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M04) 



© 1988 FUJITSU LIMITED D16033S-2C 


Dimensions in 
inches (millimeters) 
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DATA SHEET : 


Fufrsu 


MB87006A 

CMOS PLL FREQUENCY SYNTHESIZER 


CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) 
FREQUENCY SYNTHESIZER 

The Fujitsu MB87006A, fabricated in CMOS technology, is a serial input phase locked loop 
(PLL) frequency synthesizer. 

The MB87006A contains an inverter for oscillator, programmable reference divider (binary 
14-bit programmable reference counter), 14-bit shift register, 14-bit latch, phase detector, 
charge pump, 17-bit shift register, 17-bit latch, programmable divider (binary 7-bit swallow 
counter, binary 10-bit programmable counter) and control generator for dual modulus 
prescaler. 

When supplemented with a loop filter and VCO, the MB87006A contains the necessary 
circuit to make up a PLL frequervsy synthesizer. Typically, a dual modulus prescaler such as 
the MB501L can be added, allowing input frequency operation up to 1.1 GHz. 


Wide range power supply voltage: 

Vcc = 3.0to6.0V 

Wide temperature range: 

Ta = ^0 to 85 

17 MHz typical input capability 
at 5 V (fin input) 

Programmable divider with input 
amplifier consisting of : 

-Binary 7-bit swallow counter 
-Binary 10-bit programmable counter 

Programmable reference divider with 
input amplifier consisting of binary 
14-bit programmable reference counter 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

VoD 

Vss -0.5 to Vss +7.0 

V 

Input Voltage 

ViN 

Vss —0.5 to VoD +0.5 

V 

Output Voltage 

VoUT 

Vss -0.5 to Vdo +0.5 

V 

Output Current 

loUT 

±10 

mA 

Operating Temperature 

Ta 

-40 to +85 

°C 

Storage Temperature 

Tstg 

-55 to +125 

°C 

Power Dissipation 

Po 

300 

mW 


Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



PLASTIC PACKAGE 
DIP-16P-M04 


On-chip inverter for oscillator 

Divide factor of programmable divider 
and programmable reference divider 
are set by serial data input. (The last 
data bit is control bit.) 

Two types of phase detector output: 
-On-^ip charge pump output 
-Output for external charge pump 

Easy interface with Fujitsu prescalers 

16-pin standard dual-in-line package 
(Suffix: -P) 

16-pin standard flat package 
(Suffix:-PF) 



PLASTIC PACKAGE 
FPT-16P-M06 


PIN ASSIGNMEN1 

r 

OSCiN [I 

1 

16 


OSCouT 

2 

15 

□ fV 

fvt: 

3 

14 

□ REFout 

Vdd ^ 

4 

13 

□ fr 



TOP VIEW 


DoC 

5 

12 

□ M 

Vss [Z 

6 

11 

□ le 

ldC 

7 

10 

ZI Data 

fin [Z 

8 

9 

□ Clock 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Copyright ©1990 by FUJITSU LIMITED 
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Fig. 1 - MB87006A BLOCK DIAGRAM 
























MB87006A 


PIN DESCRIPTION 


Pin KO. 

^ymibcK 

-- 

m 

Pescription 

1 

OSC(N 

1 

Input pin for crystal oscillator. 

Input to the inverting amplifier that forms part of the oscillator. 

This pin receives the oscillator signal as AC coupled when an external oscillator is used. For large 
amplitude signals (standard CMOS levels) DC coupling may also be used. 

2 

OSCouT 

o 

Output pin for crystal oscillator. 

Output of the inverting amplifier. This pin should be open when an external oscillator is used. 

3 

fv 

o 

Monitor output of the phase detector. 

This pin is tied to the programmable divider output. 

4 

Vdo 

- 

Power supply voltage input. 

5 

Do 

o 

Three-state charge pump output of phase detector. 

The mode of Do is changed by the combination of programmable reference divider output frequency 

fr, and programmable divider output frequency fv as listed below; 

fr > fv; Drive mode (Do = High level) 

fr = fv; High impedance 

fr < fv; Sink mode (Do = Low level) 

6 

Vss 

- 

Ground. 

7 

LD 

o 

Output of phase detector. 

It is high level when fr and fv are equal, and when the loop is locked. 

Otherwise it outputs negative pulse signal. 

8 

fin 

1 

Clock input for programmable divider. 

This input contains internal bias circuit and amplifier. The connection with an external dual-modulus 
prescaler should be an AC connection. 

9 

Clock 

1 

Clock signal input for 17-bit shift register and 14-bit shift register. 

Each rising edge of the clock shifts one bit of the data into the shift registers. 

10 

Data 

1 

Serial data input for programmable divider and programmable reference divider. 

The last bit of the data is the control bit. Control bit determines which latch is activated. The data 
stored in the shift register is transferred to the 14-bit latch when the bit is high, and to 17-bit latch when 
low. 

11 

LE 

1 

Load enable input with internal pull up resistor. 

When this pin is high (active high), the data stored in shift register is transferred to 14-bit latch or 17-bit 
latch depending on the control bit data. 

12 

M 

o 

Control output for an external dual modulus prescaler. 

The connection to the prescaler should be DC connection. This output level is synchronized with fall¬ 
ing edge of fin input signal (pin #8). 

Pulse swallow function; 

e.g. MB501L; M = High; Preset modulus factor 64 or 128 

M = Low Preset modulus factor 65 to 129 
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PIN DESCRIPTION (Continued) 


Pin Ho. 

Sywbdi 

m 

Description 

13 

fr 

o 

Monitors output of phase detector input. 

This pin is tied to the programmable reference divider output. 

14 

REFout 

0 

Monitor output pin of the reference frequency. 

This output can be used as system dock for microprocessor, or reference oscillator for another PLL 
frequency synthesizer. 

15 

<t>v 

o 

Output for external charge pump. 

16 

(jiR 

o 

The mode of <t)R and <|)V is changed by the combination of programmable reference divider output 
frequency fr and programmable divider output frequency fv as listed below. 

(t)R <t>V 

fr > fv: Low-level High-level 

fr=fv; High-level High-level 

fr < fv: High-level Low-level 


FUNCTIONAL DESCRIPTION 

SERIAL DATA INPUT TIMING 


tl ~ t5> 1|J.S 



Notes: Data; Serial data input is used for setting divide factor of programmable reference divider and programmable divider. 

Data is input from MSB, and last bit data is a control bit. 

Control bit is set high when divide factor of programmable reference divider is set. Control bit is set low level when divide factor of 
programmable divider is set. 

Clock: Data Is Input to Internal shift registers by rising edge of the clock. 

LE: Load enable input: 

When LE is high, the data stored in shift register Is transferred to 14-bit latch, or 17-bit latch depending on the control bit setting. 
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MB87006A 


PULSE SWALLOW FUNCTION 

fvco = [ (N X M) + A ] X fosc R (N > A) 

fvco : Output frequency of external voltage controlled oscillator (VCO) 

N : Preset divide factor of binary 10-bit programmable counter (5 to 1023) 

M ; Preset modulus factor of external dual modulus prescaler 

(e.g. 64 in 64/65 mode, 128 in 128/129 mode of an MB501L prescaler) 

A ; Preset divide factor of binary 7-bit programmable counter (0 to 127, A < N) 
fosc ; Output frequency of external oscillator 

R ; Preset divide factor of binary 14-bit programmable reference counter (5 to 16383) 

DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER 

Serial data consists of 14-bit data, which is used for setting divide factor of programmable reference counter, and 1-bit control data. In this case, 
control bit is set high level. 

The data format is shown below. 


Data 

Clock 


LE 



BINARY 14-BIT REFERENCE COUNTER DATA INPUT 



0 

0 

© 

0 

@ 

@ 

0 

© 

© 

© 

© 

© 

0 

Divide 

Factor 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

7 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

16383 


Note: Divide factor less than 5 is prohibited. 
Divide factor; 5 to 16383 
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MB87006A 


DIVIDE FACTOR OF PROGRAMMABLE DIVIDER 

Serial data consists of 17-bit data, which is used for setting divide factor of programmable divider, and 1 -bit control data. In this case, control bit is 
set low level. The dataQto@ set a divide factor of 7-bit swallow counter and data@to@set divide factor of 10-bit programmable counter. 


The data format is shown below. 



BINARY 7-BIT SWALLOW COUNTER DATA INPUT 


© 

© 

© 

0 

© 

© 

o 

Divide 

Factor 

A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

0 

0 

0 

1 

1 

3 

0 

0 

0 

0 

1 

0 

0 

4 

1 

1 

1 

1 

1 

1 

1 

127 


Note: Divide factor A: 0 to 127 

Depending upon the divide factor set input (SW) of external prescaler, the input data should be as follows, 
e.g. MB501L (+65/65)prescaler 

SW = H (64/65): Bit 7 to shift register^) should be zero. 


BINARY 10-BIT PROGRAMMABLE COUNTER DATA INPUT 



Note: Divide factor less than 5 is prohibited. 
Divide factor N ; 5 to 1023 


2-20 











































MB87006A 


PHASE DETECTOR OUTPUT WAVEFORM 


._n 



ri 

m 

“1 1 


_r 

I I_ 

I _ r 

1_ 

_ 1 

1 _ 

U I 

“U 

L 

j 

' 




1 L 

J 





High Impedance 



RECOMMENDED OPERATING CONDITIONS 


(Vss = OV) 



Symbol 

Vatue 


Min 

Typ 

Max 

Power Supply Voltage 

VOD 

3.0 


m 

V 

Input Voltage 

V,N 

Vss 


Vdd 

V 

Operating Temperature 

Ta 

-40 


+85 

“C 
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MB87006A 


ELECTRICAL CHARACTERISTICS 


(Vdd = 3.0V, Vss = OV, Ta = -40 to 85X) 


Param^er 

Symbol 

Conditibit 

Value 

am 

Min 

Typ 

|||i||i|i|| 

High-level Input Voltage 

Except fin 
and OSCin 

ViH 


VddxO.7 



V 

Low-level Input Voltage 

ViL 




VddxO.3 

Input Sensitivity 

fin 

Vfpp 

Amplitude in AC 
coupling, sine wave 

0.5 



Vp.p 

OSCin 

Vsin 

0.5 



High-level Input Current 

Except fin 
and OSCin 

IlH 

ViN = Voo 


1.0 


pA 

Low-level Input Current 

IlL 

ViN = Vss 


-1.0 


Input Current 

fin 

Ifin 

ViN = Vss to Vdd 


±30 


pA 

OSCin 

lose 

ViN = Vss to Vdd 


±30 


pA 

LE 

Ile 

ViN = Vss 


-40 


pA 

High-level Output Voltage 

Except 

OSCout 

VOH 

1 

11 

J 

2.95 



V 

Low-level Output Voltage 

VoL 

loL=0pA 



0.05 

High-level Output Current 

Except M 
and OSCout 

loH 

VoH = 2.6V 

-0.5 



mA 

Low-level Output Current 

loL 

Vol=0.4V 

0.5 



High-level Output Current 

M 

loHM 

Voh=2.6V 

-0.7 



mA 

Low-level Output Current 

loLM 

Vol=0.4V 

1.5 



Power Supply Current 

Ido 



2.5 


mA 

Maximum Operating Frequency of 

Programmable Reference Divider 

fmaxd 


10 

20 


MHz 

Maximum Operating Frequency of 

Programmable Divider 

fmaxp 


10 

20 


MHz 


Notes: *1 ; fin = 8.0MHz 11.5MHz Crystal is connected between OSCin and OSCout. 
Inputs are grounded except for fin and OSCin. Output are open. 
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ELECTRICAL CHARACTERISTICS (continued) 

(Vdo = 5.0V, Vss = 0V, Ta = -40 to 85^C) 


Parameter 

Symbol 

Condition. 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except fin 
and OSCin 

ViH 


VddXO.7 



V 

Low-level Input Voltage 

ViL 




VddXO.3 

Input Sensitivity 

fin 

Vfpp 

Amplitude in AC 
coupling, sine wave 

0.5 



Vp-p 

OSCin 

Vsin 

0.5 



High-level Input Current 

Except fin 
and OSCin 

IlH 

Q 

a 

> 

II 

z 

> 


1.0 


pA 

Low-level Input Current 

IlL 

ViN = Vss 


-1.0 


Input Current 

fin 

Ifin 

ViN = Vss to Vdd 


±50 


pA 

OSCin 

lose 

ViN = Vss to Vdd 


±50 


pA 

LE 

Ile 

VlN = VsS 


-60 


pA 

High-level Output Voltage 

Except 

OSCout 

VoH 

1 

o 

11 

J 

4.95 



V 

Low-level Output Voltage 

VoL 

1 

o 

II 

d 



0.05 

High-level Output Current 

Except M 
and OSCout 

loH 

VoH = 4.6V 

-1.0 



mA 

Low-level Output Current 

loL 

Vol=0.4V 

1.0 



High-level Output Current 

M 

loHM 

VoH = 4.6V 

-1.5 



mA 

Low-level Output Current 

loLM 

Vol=0.4V 

3.0 



Power Supply Current 

Idd 



3.5 


mA 

Maximum Operating Frequency of 

Programmable Reference Divider 

fmaxd 


10 

25 


MHz 

Maximum Operating Frequency of 

Programmable Divider 

fmaxp 


17 

25 


MHz 


Note: *1. fin = 8.0MHz, 11.5MHz Crystal is connected between OSCiwand OSCout 

Inputs are ground except for fin and OSCin. Outputs are open. 



TYPICAL CHARACTERISTICS CURVE 








MB87006A 


PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M04) 



© 1988 FUJITSU LIMITED D16033S-2C 


15° MAX 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 
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June 1991 


I.-I..-11. .. . DATASHEET 

MB87014A 


FUJITSU 


CMOS PLL Frequency Synthesizer/Prescaler 


The Fujitsu MB87014A, fabricated in advanced CMOS technology, is a serial input 
phase locked loop (PLL) frequency synthesizer with an on-chip 180 MHz dual 
modulus prescaler. 

The MB87014A contains dual modulus prescaler, inverter for oscillator, program¬ 
mable reference divider, control circuit, phase detectors, charge pump, program¬ 
mable divider (binary 6-blt swallow counter and binary 10-bit programmable 
counter). 

The MB87014A contains the necessary circuit to make up a PLL frequency 
synthesizer that operates at a speed up to 180 MHz. 

• Single power supply voltage: Vqd = 4.5 V to 5.5 V 

• Wide temperature range: Ta = -30 to 60 °C 

• 180 MHz input capability at 5 V (fin input) 

• On-chip inverter for oscillator 

• Programmable divider with input amplifier consisting of: 

Binary 6-bit swallow counter 

Binary 10-bit programmable counter 

• Programmable reference divider with input amplifier consisting of binary 16-bit 
programmable reference counter 

• Divide factor of pr(^rammable divider and programmable reference divider are 
set by serial data input. (The last data bit is a control bit.) 

• Three types of phase detector outputs: 

- On-chip charge pump output for active LPF 

- On-chip charge pump output for passive LPF 

- Output for external charge pump 

• 16-pin standard dual-in-line package (Suffix: -P) 

16-pin standard flat package (Suffix: -PF) 

• Pulse swallow function 

fvco = [(N X M) + A] X (Fosc + R) (N > A) 
fvco :Output frequency of external voltage controlled oscillator (VCO) 

N :Presetdividefactorof binary 10-b‘itprogrammablecounter(5to 1023) 
M :Preset modulus factor of Internal dual modulus prescaler (64/65) 

A :Preset divide factor of binary 6-bit swallow counter (0 to 63) 
fosc :Output frequency of the external oscillator 
R Preset divide factor of binary 16-bit programmable reference counter 

(5 to 65535) 

ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vdd 

Vss -0.3 to Vss +7.0 

V 

Input Voltage 

VlN 

Vss —0.3 to Vdd +0.5 


Output Voltage 

VouT 

Vss ~0-3 to Vdd +0.3 

V 

Output Current 

•out 

±10 

mA 

Operating Ambient 
Temperature 

Ta 

-30 to +80 


Storage Temperature 

Tstg 

-40 to+125 

X 

Power Dissipation 

Pd 

300 

mW 


Note: Permanent device damage may occur if absolute maximum ratings are ex¬ 
ceeded. Functional operation should be restricted to the conditions as de¬ 
tailed in the operation sections of this data sheet. Exposure to absolute maxi¬ 
mum rating conditions for extended periods may affect device reliability. 



Pin Assignment 


o 




j| (|)R 

OSCqut [T 






Vdd \T 




TOP VIEW 





Vss 






f|N |T 


~9~| Clock 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 


© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 


2-27 








MB87014A 


LE(^-^ 


OSCiN (W 


OSCouT 






CRYSTAL 

OSCILLATOR 


{> 


-^WSr- 


-O 




Data 




Clock 



CONTROL 

H 

1-BIT 

1 

LATCH 

1 




MB87014A BLOCK DIAGRAM 


16-BIT SHIFT REGISTER 


O' 


..iuuMjjjiti; 

PROGRAMMABLE REFERENCE DIVIDER j 


BINARY 16-BIT 

PROGRAMMABLE REFERENCE 
COUNTER (R) 


Mir 


6-BIT SHIFT 


10-BIT SHIFT 

REGISTER 


REGISTER 




ijf mmi 


DUAL 

MODULUS 

PRESCALERl 

(64/65) 


Mtr.HM 

PROGRAMMABLE DIVIDER 


BINARY 6-BIT 

BINARY 10-BIT 

(A) 

(N) 

SWALLOW 

PROGRAMMABLE 

COUNTER 

COUNTER 


CONTROL CIRCUIT 


0LD 


PHASE 

detector! 






(f>R 


ICHARGE 

PUMP 


L^Doa 


Mir 
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MB87014A 


PIN DESCRIPTION 


Pin N6. 

Symbdi 

VO 

De^rit>llon 

■ 

OSCiN 

u 

Input pin for crystal oscillator. 

Input to the inverting amplifier that forms part of the oscillator. This pin receives the oscillator signal as 

AC coupled when an external oscillator is used, but for large amplitude signals (standard CMOS lev¬ 
els) DC coupling may also be used. 

2 

OSCouT 

o 

Output pin for crystal oscillator. 

Output of the inverting amplifier. This pin should be left open when an external oscillator is used. 

3 

fv 

0 

Monitor pin for the phase detector input. 

This pin is tied to the programmable divider output. 

4 

Vdo 

- 

Power supply voltage input. 

5 

Dop 

o 

Output pin for low pass filter (Passive type). 

The mode of Dop is changed by the combination of programmable reference divider output frequency 

fr, and programmable divider output frequency fv as listed below; 

fr > fv; Drive mode (Dop = High level) 

fr = fv; High-impedance 

ft < fv; Sink mode (Dop = Low level) 

6 

Vss 

- 

Ground. 

■ 

LD 

0 

Output of phase detector. 

It is high level when fr and fv are coherent, and when the loop is locked. Otherwise it outputs negative 
pulse signal. 

8 

B 

fl 

Frequency input to an Internal prescaler from VCO. 

The connection with VCO should be AC connection. 

9 

Clock 

B 

Clock signal input for shift registers. 

Each rising edge of the clock makes one bit of the data shift into the shift registers. 

10 

Data 

B 

Serial data input for shift registers. 

The last bit of the data is the control bit. The control data determines which latch is activated. 

11 

LE 

■ 

Load enable input. 

When this pin is high, the data from shift register is latched into programmable reference divider or 
programmable divider depending upon a control bit setting. 

12 

Doa 

o 

Output pin for low pass filter (Active type). 

The mode of Doa is changed by the combination of programmable reference divider output frequency 

fr, and programmable divider output frequency fv as listed below; 

fr > fv; Sink mode (Doa = Low level) 

ff=fv; High-impedance 

fr < fv; Drive mode (Doa = High level) 

13 

fr 

0 

Monitor pin for the phase detector input. 

This pin is tied to the programmable reference divider output. 

14 

NC 

- 

No connection. 

15 

(t>V 

0 

Output pins for low pass filter (differential filter type). 

16 

OR 

0 

Outputs for external charge pump are changed by the combination of programmable reference di¬ 
vider output frequency fr, and programmable divider output frequency fv as listed below. 

(1)V <1)R 

fr > fv: High level Low level 

fr = fv; High level High level 

fr < fv: Low level High level 
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MB87014A 


FUNCTIONAL DESCRIPTIONS 

DIVIDE FACTOR OF DIVIDER 


Binary code serial data is input to data pin. On rising edge of clock, one bit of data shifts into the shift register, input data consists of 
16-bit data and 1-bit control data. The control data determines which latch is activated. When control is high, 16-bit latch is selected; 
when low, 6-bit latch and 10-bit latch are selected. 


Last Data Input First Data Input 



The serial data is input to 16-bit shift registers and 1 -bit control register. When load enable is high, the data from the shift register is latched into the 
programmable reference divider (binary 16-bit programmable reference counter) or programmable divider (binary 6-bit swallow counter and 
binary 10-bit programmable counter) depending upon a control bit setting. 
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FUNCTIONAL DESCRIPTIONS (Continued) 


2 


BINARY 16-BIT PROGRAMMABLE COUNTER DATA INPUT 


Divide 

Factor 



tsi 

m 

1^ 












5 

1 

0 

1 

0 

0 

0 

a 

0 


0 

0 

0 

0 

0 

0 

Oil 

6 

0 

1 

n 

wm 

■1 

0 

0 

IQIIIII 


0 

0 

0 

0 

0 

1 

0 

7 

1 

1 

1 

0 

0 

0 

0 

0 

D 

0 

0 

0 

0 

0 

0 

0 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

65535 

1 

1 

1 

_L 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

HD 


• Divide factor R: 5 to 65535 

• Divide factor less than 5 is prohibited. 


STAND-BY MODE 

When zero data of 16-bit serial data is input, the MB87014 goes to stand-by mode. During stand-by mode, an internal circuit stops 
operation and fin and OSCin are forced to high level. Thus, a low supply current is achieved. Stand-by down mode is released when 
data other than low is input. 

SERIAL DATA INPUT TIMING 



BINARY 10-BIT PROGRAMMABLE COUNTER DATA INPUT 


Divide 

Factor 

m 



1 ^ 






1 ^ 

5 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

6 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

7 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

■ 

■ 

■ 

■ 

■ 

■ 

B 

B 

B 

B 

B 

1023 

1 

1 

1 

1 

_L 

1 

_2_ 

_L. 

1 



• Divide factor N: 5 to 1023 

• Divide factor less than 5 is prohibited. 


BINARY 6-BIT SWALLOW COUNTER 
DATA INPUT 


Divide 

Factor 





1^ 


0 

0 


0 

0 

0 

O 

1 

1 

0 

0 

BB 

BB 

OI 

2 

0 

1 

0 

0 

0 

o 

■ 

B 

B 

B 

B 

B 

B 

63 

_J_ 


BB 

_L_ 


BB 


• Divide factor A: 0 to 63 


Notes: Data: Serial data input is used for setting divide factor of programmable reference divider or programmable divider 
Data is input from MSB and last bit data is control bit. 

Control bit is high level when divide factor of programmable reference divider is set. Control bit is set low level when divide factor 
of programmable divider is set. 

Clock: Clock input for 16-bit shift registers and control register. Data is input into internal shift registers by rising edge of the clock. 
LE: Load enable input: 

When LE is high, the data from shift register Is latched into programmable reference divider or programmable divider depending 
upon the control bit setting. 
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MB87014A 


RECOMMENDED OPERATING CONDITIONS 

(Vss = OV) 


P6rd(!t6ter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vdo 

4.5 

5.0 

5.5 

V 

Input Voltage 

ViN 

Vss 


Vdd 

V 

Operating Temperature 

Ta 

-30 


+60 

°c 


ELECTRICAL CHARACTERISTICS 


(Vss = OV, Vdd = 5V, Ta = -30 to 60°C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except fin 

ViH 


3.5 




Low-level Input Voltage 

and OSCin 

ViL 




1.5 


Input Sensitivity 

fin 

V.PP 

Amplitude in AC coupling, 

1.0 




OSCiN 

Vsin 

Sine wave 

1.0 



High-level Input Current 

Except fin 

mm 

a 

o 

> 

tl 

X 

> 


1.0 


pA 

Low-level Input Current 

and OSCiN 

IlL 

ViL = Vss 


-1.0 


Input Current 

fin 

Ifin 

ViN = Vss to Vdd 


±50 


pA 

OSCin 

lose 

Vin = Vss to Vdd 


±50 


High-level Output Voltage 

Except 

VoH 

o 

o 

4.95 




Low-level Output Voltage 

OSCout 

VoL 

o 

II 

o 




High-level Output Current 

Except 


VoH = 4.6V 

-1.0 



mA 

Low-level Output Current 

OSCout 

loL 

Vol=0.4V 

1.0 



Power Dissipation*’ 

Iddp 



8.0 



Stand-by Current*^ 

mm 



100 



Maximum Operating*® 
Frequency 

REF Section 



40 

60 


MHz 

PD Section 

fmaxp 


180 

250 


MHz 


Notes: *1: fin = 180MHz, 22MH2 cystal is connected between OSCin and OSCout pins. 

Inputs are grounded except fin and OSCin. Outputs are open. 

*2 All serial data is set to zero. Input are grounded except fin and OSCiN. Output are open. 

*3 REF Section :Maximum operating frequency of programmable reference divider. 

PD Section iMaximum operating frequency of programmable divider. 
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MB87014A 


TYPICAL CHARACTERISTICS CURVES 
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MB87014A 


PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M04) 



Dimensions in 

©1988 FUJITSU LIMITED D16033S-2C inches (millimeters) 
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cO 


DATA SHEET 

MB87076 

CMOS PLL FREQUENCY SYN THESIZER 

CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) 

FREQUENCY SYNTHESIZER WITH POWER DOWN MODE 

The Fujitsu MB87076, fabricated in CMOS technology, is a serial input PLL frequency 
synthesizer that features a power down mode. 

The MB87076 contains an inverter for Oscillator, 14-bit Shift Register, 18-bit Shift Register, 

1-bit Control Register, 14-bit Latch, 18-bit Latch, Programmable Divider (Binary 11-bit 
Programmable Counter and Binary 7-bit Swallow Counter), Programmable Reference Divider 
(Binary 14-bit Programmable Reference Counter), Phase Detector, Charge Pump, Control 
Generator for Two Modulus Prescaler, and Power Down Circuit. 

The MB87076 selects either operation mode or power down mode, depending on PS input 
signal level. When device begins operation, phase f, and fv are synchronized. 

• Single Power Supply Voltage: Vdd = 2.7 to 5.5V 

• Wide Temperature Range: Ta = -40 to 85°C 

• Low Power Supply Current: 3mA typ, (lOOpA in power down mode) 

• On-chip Inverter for Oscillator 

• Programmable Reference Divider with Input Amplifier 
Programmable Divider with Input Amplifier 

• 2 Types of Phase Detector Output 

On-chip Charge Pump Output 
Output for External Charge Pump 

• On-chip Power Down Circuit 

• 16-pin Standard Dual-in-line Package (Suffix: -P) 

16-pin Standard Flat Package (Suffix: -PF) 

• Pulse Swallow Function 

fvco = [(N X M) -i-A] X fosc + R 

fvco : VCO (Voltage Controlled Oscillator) Output Frequency 
N : Preset Divide Factor of Binary 11-bit Programmable Counter 
(16 to 2047) 

M : Preset Modulus Factor of External Two Modulus Prescaler 
(64 in 64/65 mode, 128 in 128/129 mode) 

A ; Preset Divide Factor of Binary 7-bit Swallow Counter (0 to 127) 
fosc : Output Frequency of an External Oscillator 

R : Preset Divide Factor of Binary 14-bit Programmable Reference Counter 
(8 to 16383) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 

are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vdo 

Vss ~0.5 to Vss +7.0 

V 

Input Voltage 

V,N 

Vss “0.5 to VpD +0.5 

V 

Output Voltage 

VoUT 

Vss ~0.5 to Vpo +0.5 

V 

Output Current 

loUT 

±10 

mA 

Open Drain Output 

Vop 

Vss —0.5 to VpD +3.0 

V 

Operating Temperature 

Ta 

-40 to +85 

°C 

Storage Temperature 

Tstg 

^0 to+125 

°C 

Power Dissipation 

Pd 

300 

mW 


PIN ASSIGNMENT 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M02 



Copyright ©1990 by FUJITSU LIMITED 
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PIN DESCRIPTION 


Pin No. 

Symbol 

I/O 

Description 

1 

OSCiN 

1 

Pin for Crystal Oscillator; Input to the inverting amplifier that forms part of the oscillator. This pin 
receives the oscillator signal as AC coupling when an external oscillator is used. For large am¬ 
plitude signals (standard CMOS levels) DC coupling may also be used. 

2 

OSCouT 

o 

Pin for Crystal Oscillator; Output of the inverting amplifier. 

This pin should be connected to ground when an external oscillator is used. 

3 

LC 

0 

Output pin for Loop Control Signal; It Is at high level, when operation mode is selected. It is at 
low level, when power down mode Is selected. 

4 

Vdd 

- 

Power Supply Voltage 

5 

Do 

o 

Three-state Charge Pump Output; The mode of Do is changed by the combination of Program¬ 
mable Reference Divider output frequency f, and Programmable Divider output frequency f p as 
listed below: 

fr > fp: Do = H level 

fr = fp! Do = High-impedance level 

fr < fp: Do = L level 

6 

Vss 

- 

Ground 

7 

LD 

o 

Output of Phase Comparator; It Is at Low level when fr and fp are coherent, and then the loop is 
locked. Otherwise it outputs high level. 

8 

fin 

1 

Input for Binary 7-bit Swallow Counter and Binary 11-bit Programmable Counter from VCO; 

This input involves bias circuit and amplifier. The connection with Dual Modulus Prescaler 
should be AC connection. 

9 

Clock 

1 

Clock signal input for 18-blt Shift Register and 14-bit Shift Register; Each rising edge of the 
clock shifts one bit of the data into the shift registers. 

10 

Data 

1 

Serial data input for Shift Registers. 

This data is the divide ratio of the divider, which is provided from the corresponded shift regis¬ 
ter. The last bit of the data is the control bit which specified destination of shift register. The 
data is transferred to 14-bit Shift Register when the bit is at high level, and to 18-bit Shift Regis¬ 
ter when at low level. 


2-39 





MB87076 


PIN DESCRIPTION (Continued) 


Pin No. 


11 


12 


13 


14 


15 

16 


Symbol 


LE 


M 


PS 


<t>V 

(|)R 


I/O 


I 


o 


o 


o 

o 


Description 


Load Enable Input; When this pin is at high level, the data latched from the Shift Register is 
transferred to Programmable Reference Divider or Programmable Divider depending on the 
control bit data. 


Control output for external Dual Modulus Prescaler. 
The connection should be DC connection. 

Pulse Swallow Function: 

(Example) 

MB501: M = High: Preset Modules Factor 64 or 128 
M = Low: Preset Modules Factor 65 or 129 


Monitors output of the phase comparator input; as well as monitoring the output of the refer¬ 
ence divider. 


Powerdown control input; When this pin Is at High level, operation mode is selected. When this 
pin is at Low level, power down mode is selected. 


Output for external charge pump. 



<()R 

<|)V 

fr > fp: 

Low 

Low 

fr = fp: 

Low 

High-Impedance 

f, < fp: 

High 

High-Impedance 
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FUNCTIONAL DESCRIPTION 

SERIAL DATA INPUT FOR PROGRAMMABLE DIVIDER 

Binary serial data is input to Data pin. Each rising edge of clock shifts one bit of the data into the shift registers and control register. Input data 
consists of 18-bit data and 1-bit of control bit data. In this case, control bit is set at low level. Si to Sr Is used for setting the divide ratio of 7-bit 
swallow counter and Sa to Sia is used for setting the divide ratio of 11 bit programmable counter. 

The data format is shown below. 

Control bit 

I LSB MSB 


i.i 


IB 

B 

B 

B 

B 

B 

B 

B 

B 

B 

on 

11^111111 

in^iu 



^01 

on 

IQH 










L_ 










j 




/-Dll swallow counuer 



1 i-Dii programmaoie counier ^ 


7-bit Swallow Counter Data Input 


Divide 
factor A 

B 

B 

B 

B 

B 

B 

Bi 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

■ 

127 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


Note: Divide factor: 0 to 127 


11-bit Programmable Divider Data Input 


Divide 
factor N 










B 

BI 

5 

0 

0 

0 

B 

0 

0 

0 

0 

a 

0 

1 

6 

0 

B 

0 

B 

0 

0 

0 

0 

B 

■ 

0 

• 

■ 

■ 

D 


■ 

■ 

D 

■ 


H 

a 

2047 

■ 

B 

■ 

B 

■ 

■ 

■ 

■ 

■ 

B 

■ 


Note: Divide factor less than 5 is prohibited. 
Divide factor: 5 to 2047 
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FUNCTIONAL DESCRIPTION (Continued) 

SERIAL DATA INPUT FOR PROGRAMMABLE REFERENCE DIVIDER 

Binary serial data is input to Data pin. Each rising edge of dock shifts one bit of the data into the shift registers and control register, input data 
consists of 14-bit data and 1-bit of control bit data. In this case, control bit is set at high level. 

The data format is shown below. 

Control bit 

I LSB MSB 




B 

B 

|Q[ 


B 

B 

B 

B 

B 

m 

m^iin 


IQQII 

Hyi 



14-bit Programmable Reference Counter 


14-bit Programmable Divider Data Input 


Divide factor R 

Sl4 

imii^Qiii 




m 

m 

S7 

Bi 

B 


B 

mim 

B! 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

■ 

0 

0 

■ 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

■ 

1 

1 

■ 


Note: Divide factor less than 8 is prohibited. 
Divide factor: 8 to 16383 


Fig. 2 - SERIAL DATA INPUT TIMING 

) t, ~ t 4 > 1|i.s, ts > 0}j.s 


Data Si8 = MSB 


* (Sl4) 


Clock 


LE 


JlJl. 



‘ Input data of programmable reference divider. 


\ 7 . 
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Fig. 3 - PHASE DETECTOR WAVEFORM 


f, 



OUTPUT) 


> JT_n_n_ri_n_n_n_n_n^^ 

'• Jui_rmjiJLn_n_ri_^^ 



Note: LD is set at High level when fy. (Undock condition) 
LD is set at Low level when f, = fy. (Lock condition) 
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POWER DOWN OPERATION DESCRIPTION 

The MB87076 has power down function which selects operation mode or power down mode depending on PS input signal level. 

When PS is set at low level, power down mode is selected. During power down mode, internal dividers stop operation. Thus, very low power 
supply consumption is achieved and LC pin is set at Low level. 

Then the PS level goes High with the frequency of VCO as almost the same value as that under the condition of phase lock, the following se¬ 
quence is taken. 

1) Programmable divider starts operation 

2) fp is output with some delay 

3) Programmable reference divider starts operation when it receives fp. 

4) f, is output 

5) LC is forced to set at High level (Normal operation mode is selected) 


When the f, outputs immediately after the fp outputs, and goes into the phase detector, the phase lock condition is obtained just after the first clock. 
When PS is set at Low level again, internal dividers stop operation. Then internal condition is reset. 


Fig. 4 - POWER DOWN MODE 


j 

_n 

_n 


LC 

1 1 


DO\A/CrD nO\A/M 

1 

-- pnwpp no\A/M Monc 

rVJWtH U^WIN M^UC ' ' ^ 

1 

n. OPERATION MODE ^ 

1 1 

1^ rWWCri UvJVVIN IVIWUC 

1 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Voo 

2.7 

5.0 

5.5 

V 

Input Voltage 

V,M 

Vss 


Vdd 

V 

Output Temperature 

Ta 

-40 


+85 

°c 


ELECTRICAL CHARACTERISTICS 

{Vss = OV, Vdd = 3.0V, Ta = -40 to 85°C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except fin 
and OSCiN 

ViH 


2.1 



V 

Low-level Input Voltage 

V,L 




0.9 

Input Sensitivity 

fin 

Vipp 

Amplitude in AC coupling, 
sine wave 

0.5 



Vp.p 

Sine 

OSCiN 

Vsin 

0.5 



High-level input Current 

Except fin 
and OSCiN 

IlH 

< 

z 

II 

< 

g 


1.0 


pA 

Low-level Input Current 

I.L 

II 

z 

> 


-1.0 


Input Current 

fin 

llIN 

V,N = Vss to Voo 


±30 


pA 

OSCiN 

IxiN 

V|N = Vss to Voo 


±30 


High-level Output Voltage 

Except <j)P 
and OSCqut 

VoH 

1 

II 

J 

2.95 



V 

Low-level Output Voltage 

VoL 

g 

II 

o 



0.05 
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ELECTRICAL CHARACTERISTICS (Continued) 


(Vss = OV, Vdd = 3.0V, Ta = -40 to 85°C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Low-level Output Voltage 

(t)P 

VoLV 

loL= 0.8mA 

B 

B 

0.80 

B 

High-level Output Voltage 

OSCout 

^9 

% 

II 

J 

2.50 

B 

B 

1 

Low-level Output Voltage 

Vou( 

II 

1 

B 

B 

0.50 

High-level Output Current 

Except <|)P 
and OSCout 

D 

VoH = 2.0V 

-0.5 

B 

B 

mA 

Low-level Output Current 

B 

Vol=0.8V 

0.5 



N-channel open drain Cut Off Current 

loFF 

Vo=Vdd+3.0V 


1.0 

B 

yJK 

Power Supply Current 

B 

Operation mode 

B 

2.50 

B 

mA 

B 

Power down mode 

B 

B 

80 

ma 

Max. Operation Frequency of Programmable 
Reference Divider 



10 

20 


MHz 

Max. Operation Frequency of Programmable 
Divider 



10 

20 

I 


Note: *1 fin = 8.0MHz, 11.5MHz Crystal is conneceted between OSCin and OSCout- PS is set at high level, all other inputs are set at low 
level. Outputs are open. 
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ELECTRICAL CHARACTERISTICS (Continued) 


(Vss = OV, Vdd = 5.0V, T* = -40 to 85°C) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except fin 
and OSCiN 

V,H 


3.5 

■ 

■ 

1 

Low-level Input Voltage 

V,L 


B 

■ 

1.5 

Input Sensitivity 

fin 

Vfpp 

Amplitude in AC coupling, 
sine wave 

0.8 

■ 


Vp.p 

Sine 

OSCiN 

Vsi„ 

1.0 

■ 


High-level Input Current 

Except fin 
and OSCiN 

I.H 

V,N = Vdd 


1.0 


pA 

Low-level Input Current 

B 

V,N = Vss 

B 

-1.0 


Input Current 

fin 



B 

±50 


pA 

OSCiN 


V|N = Vss to Vdd 

B 

±50 


High-level Output Voltage 

Except ())P 
and OSCouT 

VoH 


4.95 

■ 


V 

Low-level Output Voltage 

VoL 

loL=0pA 

B 

■ 

0.05 
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ELECTRICAL CHARACTERISTICS (Continued) 


(Vss = OV, Vdd = 5.0V, Ta = -40 to 85°C) 


Parameter 

Symbol 

Condition 

Value 


Min 

Typ 

Max 

Low-level Output Voltage 

dP 

Vqlv 

Iql= 1mA 

B 

B 

0.50 

V 

High-level Output Voltage 

OSCqut 

Vqhx 

i 

1 

4.50 

fl 

B 

V 

Low-level Output Voltage 

VoLX 

II 

o 

B 

■ 

0.50 

High-level Output Current 

Except <j)P 
and OSCqut 


Vqh = 4.0 V 

-1.0 

B 

B 

mA 

Low-level Output Current 

B 

Vql=0.8V 

1.0 

B 

B 

N-channel open drain Cut Off Current 


Vo= Vdd+3.0V 


1.0 

B 


Power Supply Current 

Iddop 

Operation mode 

B 

3.0 

B 

mA 

B 

Power down mode 


B 

100 

B 

Max. Operation Frequency of Programmable 
Reference Divider 



15 

25 

■ 

MHz 

Max. Operation Frequency of Programmable 
Divider 



10 

25 

1 


Note: *1 fin = 8.0MHz, 11.5MHz Crystal is conneceted between OSCw and OSCqut. PS is set at high level, all other inputs are set at low 
level. CXjtputs are open. 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M04) 


-,-,^+ .008,10 RR + 0 20. 

— 770_ ^^-0.30>' 


INDEX-1 I 

\ r 



.244±.010 .300(7.62) 

(6.20±0.25) TYP 



172(4.36) max 


.118(3.00) MIN 


.050(1.27) I 1 _ 100(2.54) .018 + .003 I 

MAX ^ ' TYP ' ' (0.46±0.08) .020(0.51) MIN 


1988 FUJITSU LIMITED D16033S-2C 


Dimensions in 
inches (miliimeters) 










MB87076 



© 1988 FUJITSU LIMITED F16005S-4C 


Dimensions in 
inches (millimeters) 





June 1991 


cP 


DATA SHEET 

MB87086A 



CMOS PLL Frequency Synthesizer/Prescaler 


The Fujitsu MB87086A, fabricated in advanced CMOS technology, is a serial input 
phase locked loop (PLL) frequency synthesizer. The MB87086A contains an 
inverter for oscillator, programmable reference divider (binary 16-bit programmable 
reference counter), programmable divider (binary 10-bit programmable counter), 
phase detector, charge pump. 

The MB87086A contains the necessary circuit to make up a PLL frequency 
synthesizer that operates at a speed up to 95 MHz. 

• Single power supply voltage: Vqd = 4.5 V to 5.5 V 

• Wide temperature range: Ta = -30 to 60 

• On-chip inverter for oscillator 

• Divide factor of programmable divider and programmable reference divider are 
set by serial data input. (The last data bit is a control bit). 

• Three types of phase detector outputs: 

-On-chip charge pump output for active LPF 
-On-chip charge pump output for passive LPF 
-Output for external charge pump 

• 16-pin standard dual-in-line package (Suffix: -P) 

16-pin standard flat package (Suffix: -PF) 

• 95 MHz input capability at 5 V (fin input) 

• fin. Clock, Data input circuits involve schmitt circuit 

• The divide factor is selected according to the following equation: 
fvco = N X fosc R 

fvco :Output frequency of external voltage controlled oscillator (VCO) 

N :Preset divide factor of programmable divider (5 to 1023) 

M :Preset modulus factor of internal dual modulus prescaler (64/65) 

fosc :Output frMuency of the external oscillator 
R Preset divide factor of binary programmable reference divider 
(5 to 65535) 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vdd 

Vss —0.3 to Vss +7.0 

V 

Input Voltage 

V|N 

Vss —0.3 to Vqq +0.3 

V 

Output Voltage 

VoUT 

Vss —0.3 to Vdd +0.3 

V 

Output Current 

loUT 

±10 

mA 

Operating Ambient 
Temperature 

Ta 

-30 to +80 


Storage Temperature 

Tstg 

-40 to+125 


Power Dissipation 

Pd 

300 

mW 


Note: Permanent device damage may occur if absolute maximum ratings 
are exceeded. Functional operation should be restricted to the condi¬ 
tions as detailed in the operation sections of this data sheet. Expo¬ 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



Plastic Package 
DIP-16P-M04 



Plastic Package 
FPT-16P-M06 


Pin Assignment 



This device contains circuitry to protect the inputs against 
damage due to high static voHages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 


© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics. Inc. 
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PIN DESCRIPTION 


Pin No. 

Symbol 

I/O 

_1 

Description 

■ 

OSCiN 

■ 

Input pin for crystal oscillator. 

Input to the inverting amplifier that forms part of the oscillator. This pin receives the oscillator signal as 

AC coupled when an external oscillator is used, but for large amplitude signals (standard CMOS lev¬ 
els) DC coupling may also be used. 

■ 

OSCouT 

0 

Output pin for crystal oscillator. 

Output of the inverting amplifier. This pin should be connected to open when an external osdilator is 
used. 

■ 

fv 

o 

Monitor pin for the phase detector input. 

This pin is tied to the programmable divider output. 

4 

Vdd 

- 

Power supply voltage input. 

1 

Dop 

o 

Output pin for low pass filter (Passive type). 

The mode of Dop is changed by the combination of programmable reference divider output frequency 

fr, and programmable divider output frequency fv as listed below: 

fr > fv: Drive mode (Dop - High level) 

fr=fv: High-impedance 

fr < fv: Sink mode (Dop = Low level) 

6 

miQiiiii 

- 

Ground. 

7 

LD 

o 

Output of phase detector. 

It is high level when fr and fv are coherent, and when the loop is locked. Otherwise it outputs low pulse 
signal. 

■ 

fin 

■ 

Frequency input to programmable divider from VCO or prescaler output. 

(This input has an internal feed back resistor.) 

9 

Clock 

■ 

Clock signal input for shift registers. 

Each rising edge of the clock makes one bit of the data shift into the shift registers. 

10 

Data 

■ 

Serial data input for shift registers. 

The last bit of the data is the control bit. The control data determines which latch is activated. 

11 

LE 

■ 

Load enable input. 

When this pin is high level, the data stored in the shift registers is transferred to 16-bit latch, or 10-bit 
latch depending on the control bit setting. 

12 

Doa 

0 

Output pin for low pass filter (Active type). 

The mode of Doa is changed by ^e combination of programmable reference divider output frequency 

fr, and programmable divider output frequency fv as listed below: 

fr > fv: Drive mode (Doa - Low level) 

fr=fv: High-impedance 

fr < fv: Sink mode (Doa = High level) 

13 

fr 

0 

Monitor pin for the phase detector input. 

This pin is tied to the programmable reference divider output. 

14 

NC 

- 

No connection. 

15 

<|»V 

o 

Output pins for low pass filter (differential filter type). 

16 

<i)R 

o 

Outputs for external charge pump are changed by the combination of programmable reference di¬ 
vider output frequency fr, and programmable divi^r output frequency fv as listed below. 

((>V 4>R 

fr > fv: High level Low level 

fr=: fv: High level High level 

fr < fv: Low level High level 
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FUNCTIONAL DESCRIPTIONS 

DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER 

Binary code serial data is input to data pin. Eadi rising edge of ciod( makes one bit of the data shift into the shift registers and con¬ 
trol register, input data consists of 16-bit or 10-bit data and 1-bit of control bit data. The 16-bit data is used for setting the divide factor 
of programmable reference divider. The lO-bit data is used for setting the divide factor of programmable divider. 

The last bit of the data stored in control register is a control bit. Control data determines which latch is activated. When this bit is at 
high level, 16-bit latch is selected; when this is at low level, 10-bit latch is selected. 


The data format is shown below. 


Last Input Bit- 


Data Input- 


First Data Input 


Programmable 
Reference Divider 


ZL 


Control Bit 


Programmable 

Divider 


Control Bit I 


F 

O 

© 

© 

© 

© 

© 

0 

© 

© 

© 

© © © © © © 

Bit| 


T 

MSB 

E 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

F 

(8) 

(9) 

(10) 

srence 

Bit! 

LSB ^ „ MSB 

^ Divide Factor of Proqrammble ^ 

Divider Setting Bits 

Divide Factor of Programmble Ref< 


When LE is high level and control bit is high level, the data stored in 16-bit shift register is transferred to 16-bit latch. When LE is high level and 
control bit is at low level, the data stored in 10-bit shift register is transferred to 10-bit latch. 
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BINARY 10-BIT PROGRAMMABLE DIVIDER DATA INPUT 


on 

(9) 

(8) 

m 

(6) 

Qj 

(4) 

(3) 


(1) 

Divide 

Factor 

0 

0 

0 

0 

B 

0 

0 

D 

0 

a 

5 

0 

1 


1 

I 

1 

1 

1 

1 

1 

6 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1023 


Note: Divide factor less than 5 is prohibited. 

Divide factor N: 5 to 1023 

BINARY 16-BIT PROGRAMMABLE REFERENCE DIVIDER DATA INPUT 



Note: Divide factor less than 5 is prohibited. 
Divide factor R; 5 to 65535 


SERIAL DATA INPUT TIMING 



Notes: Q 

( ) 


Data input for programmable reference divider. 
Data input for programmable divider. 


Data Serial data input is used for setting divide factor of programmable reference divider or programmable divider. 

Data Is input from MSB and last bit data is control bit. 

Control bit is set at high level when divide factor of programmable reference divider is set. Control bit is set at low level when divide 
factor of programmable divider Is set. 

Clock Clock input for 10-bit shift register, 16-bit shift register and control register. Data is input into internal shift registers by rising edge of 
the clock. 


LE Load enable input: 

When LE Is high level, the data stored in shift registers Is transferred to 16-bit latch, or 10-bit latch depending on the control bit 
setting. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

VoD 

4.5 

5.0 

5.5 

V 

Input Voltage 

ViN 

Vss 


Vdd 

V 

Operating Temperature 

Ta 

-30 


+60 

°c 


ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except fin 

V,H 


3.5 




Low-level Input Voltage 

and OSCin 

V,L 




1.5 


Input Sensitivity 

fin 

Vfpp 

Amplitude in AC coupling, 

1.0 



Vp-p 

OSCiN 

Vsin 

Sine wave 

1.0 



High-level Input Current 

Except fin 

IlH 

ViH = Vdd 


1.0 


pA 

Low-level Input Current 

and OSCin 

ni 

ViL = Vss 


-1.0 


Input Current 

fin 

Ifin 

ViN = Vss to Vdd 


±50 


pA 

OSCin 

lose 

ViN = Vss to Vdd 


±50 


High-level Output Voltage 

Except 

VoH 

1 

0 

II 

J 

4.95 



■ 

Low-level Output Voltage 

OSCout 

VoL 

II 

0 



0.05 

■ 

High-level Output Current 

Except 

loH 

VoH = 4.6V 

-1.0 



mA 

Low-level Output Current 

OSCout 

lot 

Vol=0.4V 

1.0 



Power Dissipation*’ 

Idd 



8.0 


mA 

Maximum Operating *2 
Frequency 

REF Section 

fmaxd 


40 

60 


MHz 

PD Section 

fmaxp 


95 

130 


MHz 


Notes: *1: fin 100MHz, 22MHz cystal is connected between OSCin and OSCout pins. 

Inputs are grounded except fin and OSCin. Outputs are open. 

*2 REF Section: Maximum operating frequency of programmable reference divider. 
PD Section: Maximum operating frequency or programmable divider. 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M04) 


-7-7« +.008/1Q cc + 0.20, 

.770_ oi2<19 55_0 3o)- 



.244±.010 .300(7.62) 

(6.20 + 0.25) TYP 



(1.52lg^°) 


.010+ 002 j 
(0.25 + 0.05) 



L _ \ , 



o 

1 1 

TIT 


-- 

.050(1.27) _ 

X. L 

.100(2.54) 

1 .018 + .00’3~' i 
. ^ 



172(4.36) MAX 


118(3.00) MIN 


© 1988 FUJITSU LIMITED D16033S-2C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 


MB87086A 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 


. 400 ! 


089(2.25) MAX 
I (SEATED HEIGHT) 


002(0.05) MIN 
I (STAND OFF) 


.307 ± .01 6 

index |(7.80.4 0.40) 

.209+ 012 
■'B" (5.3010.30) 


01 on ^0.40i 
2 ®® 008 '° 0 . 20 ' 


-l^l 0.005(0.13) #1 


_L .0201.008 

-f (0.5010.20) 

«««l .002,p> ic 10.05, 
001 ^^- 0 . 02 ^ 



h—.350(8.89) I 


Details of "A" part 


.008(0.20) 

.007(0.18) 

MAX 

.027(0.68 ) 

MAX 


Details of "B " part 



.007(0.18) 

MAX 

027(0.68) 

MAX 


9 1990 FUJITSU LIMITED F16015S-2C 


Dimansions in 
inches (millimeters) 
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January 1991 
Edition 3.0 


DATA SHEET 


Fufrsu 


MB87087 

CMOS PLL FREQUENCY SYNTHESIZER 


CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) 
FREQUENCY SYNTHESIZER 

The Fujitsu MB87087, fabricated in CMOS technology, is a serial input phase locked loop 
(PLL) frequency synthesizer. 

The MB87087 contains an inverter for oscillator, programmable reference divider (binary 
14-bit programmable reference counter), 14-bit shift register, 14-bit latch, phase detector, 
charge pump, 17-bit shift register, 17-bit latch, programmable divider (binary 7-bit swallow 
counter, binary 10-bit programmable counter) and control generator for dual modulus 
prescaler. 

When supplemented with a loop filter and VCO, the MB87087 contains the necessary circuit 
to make up a PLL frequency synthesizer. Typically, a dual modulus prescaler such as the 
MB501L can be added, allowing input frequency operation up to 1.1 GHz. 


Wide range power supply voltage: 

Vcc = 3.0 to 6.0 V 

Wide temperature range: 

Ta = ^0 to 85 °C 

17 MHz typical input capability 
at 5 V (fin input) 

Programmable divider with input 
amplifier consisting of: 

-Binary 7-bit swallow counter 
-Binary 10-bit programmable counter 

Programmable reference divider with 
input amplifier consisting of binary 
14-blt programmable reference counter 


On-chip inverter for osdllator 

Divide factor of programmable divider 
and programmable reference divider 
are set by serial data input. (The last 
data bit is control bit.) 

Two types of phase detector output; 
-On-^ip charge pump output 
-Output for external charge pump 

Easy interface with Fujitsu prescalers 

16-pin standard dual-in-line package 
(MB87087P) 

16-pin standard flat package 
(MB87087PF) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

VoD 

Vss -0.5 to Vss +7.0 

V 

Input Voltage 

V,N 

Vss -0.5 to Vdd +0.5 

V 

Output Voltage 

VoUT 

Vss -0.5 to VoD +0.5 

V 

Output Current 

loUT 

±10 

mA 

Operating Temperature 

Ta 

-40 to +85 

°C 

Storage Temperature 

Tstg 

-65 to+125 

°C 

Power Dissipation 

Pd 

300 

mW 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M06 


PIN ASSIGNMENT 



Data 
P Clock 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or eiectric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit._ 


Copyright ©1991 by FUJITSU LIMITED 
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MB87087 
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MB87087 BLOCK DIAGRAM 
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PIN DESCRIPTION 


Pin No. 

Symixrf 

I/O 

Description 

■ 

OSCiN 

1 

Input pin for crystal oscillator. 

Input to the inverting amplifier that forms part of the oscillator. 

This pin receives the oscillator signal as AC coupled when an external oscillator is used. For large 
amplitude signals (standard CMOS levels) DC coupling may also be used. 

■ 

OSCouT 

o 

Output pin for crystal oscillator. 

Output of the inverting amplifier. This pin should be open when an external oscillator is used. 

3 

■ 

o 

Monitor output of the phase detector. 

This pin is tied to the programmable divider output. 

4 

Vdd 

- 

Power supply voltage input. 

5 

Do 

o 

Three-state charge pump output of phase detector. 

The mode of Do is changed by the combination of programmable reference divider output frequency 

fr, and programmable divider output frequency fv as listed below: 

fr > fv: Drive mode (Do = High level) 

fr = fv: High impedance 

fr < fv: Sink mode (Do = Low level) 

6 

Vss 

- 

Ground. 

7 

LD 

o 

Output of phase detector. 

It is high level when fr and fv are equal, and when the loop is locked. 

Otherwise it outputs negative pulse signal. 

■ 

fin 

■ 

Clock input for programmable divider. 

This input contains internal bias circuit and amplifier. The connection with an external dual-modulus 
prescaler should be an AC connection. 

■ 

Clock 

■ 

Clock signal input for 17-bit shift register and 14-bit shift register. 

Each rising edge of the clock shifts one bit of the data into the shift registers. 

10 

Data 

■ 

Serial data input for programmable divider and programmable reference divider. 

The last bit of the data is the control bit. Control bit determines which latch is activated. The data 
stored in the shift register is transferred to the 14-bit latch when the bit is high, and to 17-bit latch when 
low. 


LE 

■ 

Load enable input with internal pull up resistor. 

When this pin is high (active high), the data stored in shift register is transferred to 14-bit latch or 17-bit 
latch depending on the control bit data. 

12 

M 

o 

Control output for an external dual modulus prescaler. 

The connection to the prescaler should be DC connection. This output level is synchronized with fall¬ 
ing edge of input signal fin (pin #8). 

Pulse swallow function: 

e.g. MB501L: M = High: Preset modulus factor 64 or 128 

M = Low: Preset modulus factor 65 to 129 
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PIN DESCRIPTION (Continued) 


Pin m. 

Symbol 

VO 

Deaoription 

13 

fr 

o 

Monitor output of phase detector input. 

This pin is tied to the programmable divider output. 

14 

NC 

- 

No connection. 

15 

<t>v 

0 

Output for external charge pump. 

16 

<t>R 

0 

The mode of 0R and ({iV is changed by the combination of programmable reference divider output 
frequency fr and programmable divider output frequency fv as listed below. 

<t>R (|>V 

fr > fv; Low-level High-level 

fr=fv: High-level High-level 

fr < fv; High-level Low-level 


FUNCTIONAL DESCRIPTION 


SERIAL DATA INPUT TIMING 


tl ~ t5> I^S 




Control bit 


(Control bit) 



Notes: Data; Serial data input is used for setting divide factor of programmable reference divider and programmable divider. Data is input from 
MSB, and last bit data is a control bit. 

Control bit is set high when divide factor of programmable reference divider is set. Control bit is set low level when divide factor of 
programmable divider is set. 

Clock: Data is input to internal shift registers by rising edge of the clock. 

LE; Load enable input; 

When LE is high, the data stored in shift register is transferred to 14-bit latch, or 17-bit latch depending on the control bit setting. 
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PULSE SWALLOW FUNCTION 

fvco = [ (N X M) + A ] X fosc H- R (N > A) 

fvco : Output frequency of external voltage controlled oscillator (VCO) 

N ; Preset divide factor of binary 10-bit programmable counter (5 to 1023) 

M ; Preset modulus factor of external dual modulus prescaler 

(e.g. 64 in 64/65 mode, 128 in 128/129 mode of an MB501L prescaler) 

A ; Preset divide factor of binary 7-bit programmable counter (0 to 127, A < N) 
fosc ; Output frequency of external oscillator 

R ; Preset divide factor of binary 14-bit programmable reference counter (5 to 16383) 

DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER 

Serial data consists of 14-bit data, which is used for setting divide factor of programmable reference counter, and 1 -bit control data. In this case, 
control bit is set high level. 

The data format is shown below. 



BINARY 14-BIT REFERENCE COUNTER DATA INPUT 



Note: Divide factor less than 5 is prohibited. 
Divide factor: 5 to 16383 
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DIVIDE FACTOR OF PROGRAMMABLE DIVIDER 

Serial data consists of 17-bit data, which is used for setting divide factor of programmable divider, and 1 -bit control data. In this case, control bit is 
set low level. The data^to^ set a divide factor of 7-bit swallow counter and data(^to^set divide factor of 10-bit programmable counter. 

The data format is shown below. 



BINARY 7-BIT SWALLOW COUNTER DATA INPUT 


© 

© 

© 

© 

© 

© 

o 

Divide 

Factor 

A 


0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

1 

1 


0 

0 

0 

0 

1 

0 

2 


0 

0 

0 

0 

1 

1 

3 


0 

■ 


■ 



4 

1 

1 

■ 

y 

■ 


y 

127 


Note: Divide factor A; 0 to 127 

Depending upon the divide factor set input (SW) of external prescaler, the input data should be as follows. 

e.g. MB501L (■^65/65)prescaler 

SW = H (64/65): Bit 7 to shift registerQ should be zero. 


BINARY 10-BIT PROGRAMMABLE COUNTER DATA INPUT 


© 



0 


© 

© 


© 

© 

Divide 

Factor 

N 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

5 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

6 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

7 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1023 


Note: Divide factor less than 5 is prohibited. 
Divide factor N : 5 to 1023 
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MB87087 



RECOMMENDED OPERATING CONDITIONS 


(Vss = OV) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vdo 

3.0 


8.0 

V 

Input Voltage 

V,N 

Vss 


Vdd 

V 

Operating Temperature 

Ta 

-40 


+85 

°c 
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MB87087 


ELECTRICAL CHARACTERISTICS 


(Vdd = 3.0V, Vss = OV, Ta = -40 to 85°C) 


Parameter 

Symbol 

Condition 

Vaiue 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except fin 
and OSCin 

VlH 


VddxO.7 


— 

— 

V 

Low-level Input Voltage 

ViL 




VodxO.3 

Input Sensitivity 

fin 

Vfin 

Amplitude in AC 
coupling, sine wave 

0.5 



Vp-p 

OSCin 

Vosc 

0.5 



High-level Input Current 

Except fin 
and OSCin 

IlH 

ViN = Vdd 


1.0 


pA 

Low-level Input Current 

IlL 

ViN = Vss 


-1.0 


Input Current 

fin 

Ifin 

ViN = Vss to Vdd 


±30 


pA 

OSCin 

lose 

ViN = Vss to Vdd 


±30 


pA 

LE 

Ile 

ViN = Vss 


-40 


pA 

High-level Output Voltage 

Except 

OSCout 

VoH 

1 

II 

J 

2.95 



V 

Low-level Output Voltage 

VoL 

1 

o 

II 

_o 



0.05 

High-level Output Current 

Except M 
and OSCout 

loH 

VoH = 2.6V 

-0.5 



mA 

Low-level Output Current 

loL 

Vol=0.4V 

0.5 



High-level Output Current 

M 

I OHM 

VoH = 2.6V 

-0.7 



mA 

Low-level Output Current 

loLM 

Vol=0.4V 

1.5 



Power Supply Current 

Ido 



2.5 


mA 

Maximum Operating Frequency of 

Programmable Reference Divider 

fmaxd 


10 

20 


MHz 

Maximum Operating Frequency of 

Programmable Divider 

fmaxp 


10 

20 


MHz 


Notes: *1: fin = 8.0MHz 11.5MHz Crystal is connected between OSCin and OSCout. 
Inputs are grounded except fin and OSCin. Output are open. 
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ELECTRICAL CHARACTERISTICS (Continued) 


(Vdd = 5.0V. Vss = OV, Ta = -40 to 85°C) 


I’araitieter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except fin 
and OSCin 

V,H 


VddxO.7 



V 

Low-level Input Voltage 

ViL 




VddxO.3 

Input Sensitivity 

fin 

Vfin 

Amplitude in AC 
coupling, sine wave 

0.5 



Vp.p 

OSCin 

Vosc 

0.5 



High-level Input Current 

Except fin 
and OSCin 

IlH 

S 

> 

II 

z 

> 


1.0 


pA 

Low-level Input Current 

IlL 

ViN = Vss 


-1.0 


Input Current 

fin 

Ifin 

ViN = Vss to VoD 


±50 


pA 

OSCin 

lose 

ViN = Vss to Vdd 


±50 



LE 

Ile 

ViN = Vss 


-60 


pA 

High-level Output Voltage 

Except 

OSCout 

VoH 

o 

z 

11 

o 

4.95 




Low-level Output Voltage 

VoL 

1 

o 

II 

_o 




High-level Output Current 

Except M 
and OSCout 

loH 

VoH = 4.6V 

-1.0 



mA 

Low-level Output Current 

lot 

Vol=0.4V 

1.0 



High-level Output Current 

M 

loHM 

VoH = 4.6V 

-1.5 



mA 

Low-level Output Current 

loLM 

Vol=0.4V 

3.0 



Power Supply Current 

loo 



3.5 



Maximum Operating Frequency of 

Programmable Reference Divider 

fmaxd 


10 

25 

■ 

MHz 

Maximum Operating Frequency of 

Programmable Divider 

fmaxp 


17 

25 


MHz 


Note: *1. fin = 8.0MHz, 11.5MHz Crystal is connected between OSCiNand OSCout 

Inputs are grounded except fin and OSCin. Outputs are open. 
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TYPICAL CHARACTERISTICS CURVE 





MB87087 


PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M04) 



© 1988 FUJITSU LIMITED D16033S-2C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 





■089(2.25) MAX 


(SEATED HEIGHT) 
.002(0.05) MIN 


1 ( 6 . 801 ^ 5 ^) 


'8%;^_L.020 ±008 

^^ (0.50±0.20) 


J-, 


(rtTinri rti fii) 




a.|.004(0.10)~l 



© 1990 FUJITSU LIMITED F16015S-2C 


Dimensions in 
inches (millimeters) 
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Edition 4.0 


FUJITSU 


DATA SHEET 


MB87090 

CMOS PLL FREQUENCY SYN THESIZER 

CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) 

FREQUENCY SYNTHESIZER WITH CONSTANT 
CURRENT OUTPUT CHARGE PUMP 

The Fujitsu MB87090, fabricated in CMOS technology, is a serial input PLL frequency 
synthesizer with constant current output charge pump. 

The MB87090 contains an inverter for oscillator, programmable reference divider, divide factor 
of programmable reference divider control circuit, phase detector, constant current output 
charge pump, 17-bit shift register, 17-bit latch, programmable divider (binary 7-bit swallow 
counter, binary 10 -bit programmable counter), and a control generator for an external dual 
modulus prescaler. 

When supplemented with a loop filter and VCO, the MB87090 contains the necessary circuit 
to make up a PLL frequency synthesizer. 

Unique to this device is a constant current output charge pump. This allows improved 
modulation characteristics, tracking and noise performance compared to earlier devices. 

• Constant current output charge pump. Magnitude of current controlled by external 
resistor; 0 to 4 mA. 

• 13MHz input capability @5V (fin input) 

• Single power supply voltage: Vod = 2.7V to 5.5V 

• Wide temperature range: Ta = -40 to 85°C 

• On-chip inverter for oscillator 

• Eight divide factors for programmable reference divider are selected by external input 
Si. S 2 . and 83 ( 1 / 8 ,1/16,1/64, 1/128, 1/256,1/512,1/1024,1/2048) 

• Programmable 17-bit divider with input amplifier (consisting of; 

Binary 7-bit swallow counter 
Binary 10-bit programmable counter 

• Easy interface to Fujitsu dual modulus prescalers. 

• 16-pin standard dual-in-line package (Suffix: -P) 

16-pin standard flat package (Suffix; -PF) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) (Vss = OV) 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Voo 


V 

Input Voltage 

V(N 

Vss -0.5 to Vdd +0.5 

V 

Output Voltage 

VoUT 

Vss -0.5 to Vdd +0.5 

V 

Output Current 

loUT 

±10 

mA 


Ta 

-40 to +85 

°C 

Storage Temperature 

Tstg 

-65 to +150 

°C 

Power Dissipation 

Pd 

300 

mW 


PIN ASSIGNMENT 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit._ 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M06 


Copyright ©1991 by FUJITSU LIMITED 
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PIN DESCRIPTION 


Pin No. 

Symbol 

I/O 

Description 

1 

Vdd 

- 

Power supply voltage input. 



■ 

Clock signal input for 17-bit shift register. 

Each rising edge of the clock shifts one bit of the data into the shift register. 

3 

Data 

■ 

Serial data input for 17-bit shift register. 

This data is used for setting the divide factor of programmable divider. 

■ 

LE 

■ 

Load enable input. 

When this pin is high level (high active), the data stored in the 17-bit shift register is transferred to the 
17-bit latch. 

■ 

fin 

■ 

Input for programmable divider from VCO or prescaler output. 

This input involves bias circuit and amplifier. The connection with external dual modulus prescaler 
should be an AC connection. 

1 

M 

0 

Control output for external dual modulus prescaler. 

The connection to the prescaler should be DC connection. This output level is synchronized with fall¬ 
ing edge of fin input signal (pin #5). 

Pulse Swallow Function: 

MB501L M = High: Preset modulus factor 64 or 128 

M = Low: Preset modulus factor 65 or 129 

7 

LD 

o 

Output of phase detector. 

It is high level when L and fp are equal, and then the loop is locked. Otherwise it outputs negative pulse 
signal. 

8 

Do 

0 

Three-state charge pump output of the phase detector. 

The mode of Do is changed by the combination of programmable reference divider output frequency 

fr and programmable divider output frequency fp as listed below: 

fr > fp: Drive mode (Do = High level) 

fr = fp: High-impedance mode 

fr < fp.' Sink mode (Do = Low level) 

9 

RC 

■ 

The value of external resistor connected to this pin determines the magnitude of the current delivered 
by the charge pump. See graph on page 10. 

10 

fr 

0 

This pin is tied to programmable reference divider output. 

11 

12 

13 

51 

52 

53 

■ 

Control input for programmable reference divider. The combination of these inputs provides divide 
factor to programmable reference divider. See following page. 

14 

OSCour 

o 

Pin for crystal oscillator. 

Output of the inverting amplifier. This pin should be open when an external oscillator is used. 

15 

OSCiN 

' 

Pin for crystal oscillator. 

Input to the inverting amplifier that forms part of the oscillator. This pin receives the oscillator signal as 

AC coupled when an external oscillator is used. 

For large amplitude signals (standard CMOS levels) DC coupling may also be used. 

16 

Vss 

- 

Ground 
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FUNCTIONAL DESCRIPTION 

DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER 


Divide factor of programmable reference divider is set depending on input dignal Si to S 3 . 



1 

1 

1 

1 

1 

1 

1 

1 

8 

16 

64 

128 

256 

512 

1024 

2048 

Si 

0 

1 

0 

1 

0 

1 

0 

1 

S 2 

0 

0 

1 

1 

0 

0 

1 

1 

S 3 

0 

0 

0 

0 

1 

1 

1 

1 


DIVIDE FACTOR OF PROGRAMMABLE DIVIDER 


Serial data of binary code is input to Data pin. These data are loaded into the 17-bit shift register from MSB. When load enable signal LE is high, 
the data stored in the 17-bit shift register is transferred to the 17-bit latch. 

The data 0^0 set a divide factor of the binary 7-bit swallow counter and data © to © set a divide factor of binary 10-bit programmable 
counter. In other words, serial data is equivalent to the divide factor of programmable divider. 


Fig. 2 - BLOCK DIAGRAM OF PROGRAMMABLE DIVIDER 


Data 

Clock 


LE 
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Binary 7-bit Swallow Counter Data Input 


© 

© 

© 

© 

© 

© 

o 

Divide 
Factor A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

1 

0 

2 

0 

0 

0 

0 

0 

1 

1 

3 

0 

0 

0 

0 

1 

0 

0 

4 

1 

1 

1 

1 

1 

1 

1 

127 


Note: Divide factor A; 0 to 127 

Depending upon the divide factor set input (SW) of external prescaler, the input data should be as follows. 
Example MB501L 

SW = H (64/65); Bit 7 of shift register (7) should be zero. 


Binary 10-bit Programmable Counter Data Input 


© 

0 

0 

0 

0 

0 

© 

0 

© 

© 

Divide 
Factor N 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

5 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

6 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

7 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1023 


Note: Divide factor less than 5 is prohibited. 
Divide factor N; 5 to 1023 


PULSE SWALLOW FUNCTION 


fvco = [(N X M) + A] X foscR (N>A) 

fvco : Output frequency of external voltage controlled oscillator (VCO) 

N : Preset divide factor of binary 10-bit programmable counter (5 to 1023) 

M : Preset modulus factor of external dual modulus prescaler (e.g. 64 in 64/65 mode, 128 in 128/129 mode of an MB501L prescaler) 

A : Preset divide factor of binary 7-bit swallow counter (0 to 127) 

fosc : Output frequency of the external oscillator 

R : Preset divide factor of programmable reference divider (8, 16, 64,128, 256, 512, 1024, 2048) 
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PHASE DETECTOR OUTPUT WAVEFORM 


fr 


fp 


. ri 

r 

1 

u 






1 


Impedance 

LD ... . 









RECOMMENDED OPERATING CONDITIONS 


(Vss = OV) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vdd 

2.7 

- 

5.5 

V 

Input Voltage 

ViN 

Vss 

- 

Vdd 

V 

Operating Temperature 

Ta 

-40 

- 

+85 

°c 
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MB87090 


ELECTRICAL CHARACTERISTICS 

(Vdd = 3.0V, Vss = OV, Ta = -40 to 85X) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except fin 
and OSCin 

ViH 

- 

2.1 

- 

- 

V 

Low-level Input Voltage 

ViL 

- 

- 

- 

0.9 

Input Sensitivity 

fin 

V.PP 

Amplitude in AC 
coupling, sine wave 

0.8 

- 

- 

Vp-p 

OSCin 

Vsin 

1.0 

- 

- 

High-level Input Current 

Except fin 
and OSCin 

IlH 

< 

z 

M 

< 

i 

- 

1.0 

- 

pA 

Low-level Input Current 

IlL 

ViN = Vss 

- 

-1.0 

- 

Input Current 

fin 

Ifin 

ViN = Vss to Voo 

- 

±30 

- 

pA 

Input Current 

OSCin 

lose 

ViN = Vss to Vdo 

- 

±30 

- 

pA 

High-level Output Voltage 

Except 

OSCout 

VoH 

1 

II 

_o 

2.95 

- 

- 

V 

Low-level Output Voltage 

VoL 

1 

o 

II 

_o 

- 

_ 

0.05 

High-level Output Voltage 

OSCout 

VoHX 

o 

X 

II 

1 

2.50 

- 

- 

V 

Low-level Output Voltage 

Vou 

o 

II 

o 

-% 

- 

- 

0.50 

High-level Output Current 

Except Do 
and OSCout 

loH 

VoH = 2.0V 

-0.5 

- 

- 

mA 

Low-level Output Current 

loL 

VoL= 1.0V 

0.5 

- 

- 

High-level Output Current 

Do*’ 

loHD 

VoH = 2.0V 

-1.0 

-3.0 

- 

mA 

Low-level Output Current 

loLO 

VoL= 1.0V 

1.0 

3.0 


Power Supply Current*^ 

Ido 



2.0 

4.0 

mA 

Max. Operating Frequency of 

Programmable Reference Divider 

fmaxd 

- 

13 

20 

- 

MHz 

Max. Operating Frequency of 

Programmable Divider 

fmaxp 

- 

10 

20 

- 

MHz 


Notes: *1; RC pin external resistor Rnc = 5kn. 

*2 fin = 5.0MHz, 12.8MHz Crystal is connected between OSCiNand OSCout. 
RC pin external resistor Rrc = 5kn. 

Inputs are connected to ground exo^ for fin and OSCin. Outputs are open. 


2-80 



MB87090 


ELECTRICAL CHARACTERISTICS (continued) 

(Vdd = 5.0V, Vss = OV, Ta = -40 to 85X) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

High-level Input Voltage 

Except fin 
and OSCin 

ViH 

- 


- 

- 

V 

Low-level Input Voltage 



- 

- 

1.5 

Input Sensitivity 

fin 

Vtpp 

Amplitude in AC 
coupling, sine wave 

1.0 

- 

- 

m 

OSCin 

v^ 

1.5 

- 

- 

High-level Input Current 

Except fin 
and OSCin 

mi 

ViN = Vdd 

- 

1.0 

- 

n 

Low-level Input Current 

I.L 

ViN = Vss 

- 

-1.0 

- 

Input Current 

fin 

ii[iimi 

ViN = Vss to Vdd 

- 

±50 

- 

pA 

Input Current 

OSCin 

lose 

ViN = Vss to Vdd 

- 

±50 

- 

pA 

High-level Output Voltage 

Except 

OSCout 

VoH 

loH = OpA 


- 

- 

■ 

Low-level Output Voltage 

VoL 

loL = OjiA 

- 

- 

0.05 

High-level Output Voltage 

OSCout 

VoHX 

loH = OpA 


- 

- 


Low-level Output Voltage 

VOLX 

loL = OpA 

- 

- 


High-level Output Current 

Except Do 
and OSCout 

loH 

VoH = 4.0V 

-1.0 

- 

- 

mA 

Low-level Output Current 

loL 

f 

II 

b 

< 

1.0 

- 

- 

High-level Output Current 

Do*’ 

loHD 

VoH = 4.0V 

-2.0 

-5.0 

- 

mA 

Low-level Output Current 

mi 

VoL= 1.0V 

2.0 

5.0 

- 

Power Supply Current*^ 

mm 

- 

- 

3.0 

6.0 


Max. Operating Frequency of 

Programmable Reference Divider 


- 


25 

■ 

MHz 

Max. Operating Frequency of 

Programmable Divider 

f.„p 


13 

25 

■ 



Note: *1. RC pin external resistor Rrc = 5kQ. 

*2. fin = 5.0MHz, 12.8MHz Crystal is connected between OSCmand OSCout 
RC pin external resistor Rrc = 5ki2. 

Inputs are connected to ground except for fin and OSCin. Outputs are open. 
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SUPPLY CURRENT (mA) INPUT SENSITIVITY (mVp-p) 


MB87090 


TYPICAL CHARACTERISTICS CURVES 

Conditions: Vdo = 5.0V/3.0V, input ampiitude of fin = 1.0Vp^>, Ta = 25'"C 


Fig. 4 - iNPUT FREQUENCY VS. 
INPUT SENSITIVITY (fin Section) 



1 2 5 10 20 50 100 


Fig. 5 - OUTPUT RESISTANCE vs. 
OUTPUT CURRENT 



5 10 20 50 100 200 500 1000 


INPUT FREQUENCY (MHz) 


OUTPUT RESISTANCE Rrc (KQ) 


Fig. 6 - SUPPLY VOLTAGE vs. 
SUPPLY CURRENT 


Fig. 7 - INPUT FREQUENCY VS. 
SUPPLY CURRENT 
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E 
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>- 


- 1- 

OSCiN = 12.8MHz 
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Vdd = 5.0V 
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PACKAGE DIMENSIONS (Continued) 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 



, .089(2.25) MAX 
IlMOUNTING HEIGHT) 



OFF HEIGHT) 


(6.80 


X 


. .020+ .008 
(0.50 + 0.20) 


. 006 ;*^ 


+ 0.05 
- 0.02 


) 


(i mn nnii ^ 


1.004(0.10) 


.350(8.89) REF 




© 1990 FUJITSU LIMITED F16015S-2C 


Details of "8” part 
.006(0.15) 


U4. 


.008(0.20) 

.007(0.18) 


MAX 

.027(0.68) 


Details of "A" part 
.016(0.40) 



Dimensions in 
inches (millimeters) 
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Section 3 


Single-Chip PLLs/Prescalers — At a Glance 


Maximum 
Page Device Frequency 

Divide 

Ratio 

Suppiy 
*cc Vcc 

Program* 

mabie 

Counter 

Swaiiow 

Counter 

Reference 

Counter 

Package 

Opticne 

3-3 MB1501 1.1 GHz 

1501H 

1501L 

64/65 or 
128/129 

15 mA 

2.7 V to 
5.5 V 

Binary 

16 to 2047 

Binary 
010 127 

Binary 

810 16383 

16-pin Plastic 
FPT 

3-21 MB1502 1.1 GHz 

64/65 or 
128/129 

8 mA 

5.0 V 

(typ) 

Binary 

16 to 2047 

Binary 
010 127 

Binary 

8 to 16383 

16-pin Plastic 
FPT 

3-35 MB1503 1.1 GHz 

128/129 

8 mA 

5.0 V 

(typ) 

Binary 

1610 2047 

Binary 
010 127 

Binary 

810 16383 

16-pin Plastic 
FPT 

3-49 MB1504 520 MHz 
1504H 

1504L 

32/33 or 
64/65 

10 mA 

2.7 V to 
5.5 V 

Binary 

16 to 2047 

Binary 
010 127 

Binary 

810 16383 

16-pin Plastic 
FPT 

3-37 MB1505 600 MHz 

32/33 or 
64/65 

6 mA 

5.0 V 
(typ.) 

Binary 

16 to 2047 

Binary 

0 to 63 

Binary 

8 to 16383 

16-pln Plastic 
FPT 

3-79 MB1507 2.0 GHz 

128/129 or 
256/257 

18 mA 

5.0 V 

(typ) 

Binary 

1610 2047 

Binary 
010 255 

Binary 

8 to 16383 

16-pin Plastic 
FPT 

3-91 MB1508 2.5 GHz 

256/272 or 
512/528 

16 mA 

5.0 V 

(typ) 

Binary 

3210 4095 

Binary 
010 31 

Binary 

256,512, 
1024,2048 

20-pin Plastic 
FPT 

3-101 MB1509* 400 MHz 

32/33 or 
64/65 

8 mA 

3.0 V 
(typ) 

Binary 

1610 2047 

Binary 
010 127 

Binary 

512 or 1024 

20-pin Plastic 
FPT 

3-115 MB1511 1.1 GHz 

64/65 or 
128/129 

7 mA 

2.7 V to 
5.5 V 

Binary 

1610 2047 

Binary 
010 127 

Binary 

8 to 16383 

20-pin Plastic 
FPT 

3-127 MB1512 1.1GHz 

64/65 or 
128/129 

8 mA 

5.0 V 

(typ) 

Binary 

1610 2047 

Binary 
010 127 

Binary 

8 to 16383 

20-pin Plastic 
FPT 

3-139 MB1513 1.1GHz 

128/29 

8 mA 

5.0 V 

Binary 

1610 2047 

Binary 
010 127 

Binary 

8 to 16383 

20-pin Plastic 
FPT 

3-153MB1518 2.5 GHz 

512/528 

16 mA 

5.0 V 

(typ) 

Binary 

3210 511 

Binary 
010 31 

512 

16-pin Plastic 
FPT 

3-163 MB1519* 600 MHz 

64/65 

11 mA 

2.7 V to 
5.5 V 

Binary 

1610 2047 

Binary 
010 127 

512,1024 

20-pin Plastic 
FPT 


*Dual PLL/Prescaler 
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November 1990 
Edition 5.0 


DATA SHEET 


Fufrsu 


MB1501/MB1501H/MB1501L 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 1.1GHz PRESCALER 

The Fujitsu MB1501/MB1501H/MB1501L. utilizing BI-CMOS technology, is a 
single chip serial input PLL frequency synthesizer with pulse-swallow function. 

The MB 1501 series contain a 1.1 GHz two modulus prescaler that can select either 
64/65 or 128/129 divide ratio; control signal generator; 16-bit shift register; 15-bit 
latch; programmable reference divider (binary 14-bit programmable reference 
counter); 1-bit switch counter; phase comparator with phase inverse function; 
charge pump; crystal oscillator; 19-bit shift register; 18-bit latch; programmable 
divider (binary 7-bit swallow counter and binary 11-bit programmable counter). 

The MB1501 operates on a low supply voltage (3V typ) and consumes low power 
(45m W at 1.1GHz). 


MB1501 Product Line 



Vp 

Voltage 

VoOP 

Voltage 

Lock up 
time 

Do 

Output 

Width 

High-level 

Output 

Current 

Low-level 

Output 

Current 

MB1501 

8V max 

8.5V max 

Middle speed 

ISlESlBi 

Middle 

Middle 

MB1501H 

10V max 

10.0V max 

High speed 

H59H 

^^2 

Low 

MB1501L 

8V max 

8.5V max 

Low speed 

1 High 1 

U39H 

High 


• High operating frequency: f,NMAx=1.1GHz (V,nm.n=0.20\/p.p) 

• On-chip prescaler 

• Low power supply voltage: 2.7V to 5.5V (3.0V typ) 

• Low power supply consumption: 45mW (3.0V, 1.1 GHz operation) 

• Serial input 18-bit programmable divider consisting of: 
o Binary 7-bit swallow counter (Divide ratio: 0 to 127) 

o Binary 11 -bit programmable counter (Divide ratio: 16 to 2047) 

• Serial input 15-bit programmable reference divider consisting of: 

o Binary 14-bit programmable reference counter (Divide ratio: 8 to 16383) 
o 1 -bit switch counter (SW) Sets divide ratio of prescaler 

• 2types of phase detector output 

o On-chip charge pump (Bipolar type) 
o Output for external charge pump 

• Wide operating temperature: Ta=- 40®C to +85®C 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Condition 

Value 

Unit 

Power Supply Voltage 

Vcc 


-0.5 to -f7.0 


VpH 

MB1501H 

Vcc to 12.0 

D 


MB1501/1501L 

Vcc to 10.0 

Output Voltage 

VoUT 


-0.5 to Vcc +0.5 


Open-drain Output 

Vqoph 

MB1501H 

-0.5 to 11.0 


mBi 

MB1501/1501L 

-0.5 to 9.0 

Output Current 

loUT 


±10 

HiSH 

Storage Temperature 

Tstg 


-55 to -1-125 

■Qi 



PLASTIC PACKAGE 
D1P-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M06 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. How¬ 
ever, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


Copyright© 1990 by FUJITSU LIMITED 
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MB1501 

MB1501H 

MB1501L 


PIN DESCRIPTIONS 

I Pin No. I Pin Name I I/O I 


1 

2 

OSCin 

OSCout 

3 

Vp 









I/O Descriptions 


I Oscillator input. 

O Oscillator output. 

A crystal is placed between OSCin and OSCout. 


Power supply input for charge pump. 


Power supply voltage Input. 


Q Charge pump output. 

Phase characteristic can be inversed depending upon FC input. 

— Ground. 

Phase comparator output. 

O This pin outputs high when the phase is locked. While the phase difference of f, and fp exists, 
the output level goes low. 


Prescaler input. 

The connection with an external VCO should be an AC connection. 


Clock input for 19-bit shift register and 16-bit shift register. 

Each rising edge of the clock shifts one bit of data into the shift registers. 

Serial data of binary code input. 

The last bit of the data is a control bit. The last data bit specifies which latch is activated. 
When the last bit is high level and LE is high-level, data is transferred to 15-bit latch. 
When the last bit is low level and LE is high level, data is transferred to 18-bit latch. 


Load enable input (with internal pull up resistor). 

When LE is high level (or open), data stored in the shift register is transferred to latch depend¬ 
ing on the control data. 


Phase selecting input of phase comparator (with internal pull up resistor). When FC is low 
level, charge pump and phase detector characteristics can be inversed. 


Monitor pin of phase comparator input. 

It is the same as programmable reference divider output. 


Q Monitor pin of phase comparator input. 

It is the same as programmable divider output. 

O Outputs for external charge pump. 

O Phase characteristics can be inversed depending on FC input. 
0P pin is an N-channel open-drain output. 































MB1501 

MB1501H 

MB1501L 


FUNCTIONAL DESCRIPTIONS 


SERIAL DATA INPUT 



Serial data input is input using Data pin, Clock pin and LE pin, The 15-bit programmable reference divider and 18-bit programmable 
divider are controlled respectively. 

On rising edge of the clock shifts one bit of the data into the internal shift registers. 

When load enable (LE) is high level (or open), data stored in shift resisters is transferred to 15-bit latch or 18-bit latch depending upon 
the control bit level. 

Control data “H”; Data is transferred into 15-bit latch. 

Control data "L”; Data is transferred into 18-bit latch. 


PROGRAMMABLE REFERENCE DIVIDER 


Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is 
shown below. 


Last data input 


1 




Control bit 
LSB 


► Data input 

Divide ratio of prescaler setting bit 
MSB 


■ Divide ratio of programmable reference counter setting bits ■ 


r 


First data input 



s 

s 

S 

S 

S 

S 

S 

s 

S 

S 

s 

s 

S 

S 

SW 

V./ 

1 

2 

3 

4 

5 

6 

7 

8 i 

9 

10 

11 

12 

13 

14 


® 14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 


Divide 

ratio 

R 

S 

14 

S 

13 

s 

12 

s 

11 

s 

10 

s 

9 

s 

8 

s 

7 

s 

6 

s 

5 

s 

4 

S 

3 

s 

2 

s 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Divide ratio less than 8 is prohibited. 
Divide ratio R: 8 to 16383 


SW: Divide ratio of prescaler setting bit. 

SW=“H”: 64 
SW=T’’ : 128 

Si to Su: Divide ratio of programmable reference counter setting bits (8 to 16383) 
C: Control bit (Control bit is set to high.) 
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MB1501 

MB1501H 

MB1501L 


FUNCTIONAL DESCRIPTIONS 

PROGRAMMABLE DIVIDER 


Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 1 1 -bit programmable counter. 
Serial 19-bit data format is shown below. 


Last data input 


Data input 


Control bit 
LSB 


MSB 


I Divide ratio of swallow counter 
setting bits 


First data input 

I 


Divide ratio of programmable counter 
setting bits 


® 7-BIT SWALLOW COUNTER DIVIDE RATIO @ 11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 


Divide 

ratio 

A 

S 

7 

s 

6 

S 

5 

s 

4 

S 

3 

s 

2 

s 

1 


Divide 

ratio 

N 

S 

18 

s 

17 

s 

16 

s 

15 

s 

14 


s 

12 

s 

11 

s 

10 

s 

9 

s 

8 

0 

D 

D 

D 

D 

D 

B 

B 


16 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

1 

D 

D 

D 

D 

D 

B 

B 


17 

B 

B 

B 

B 

B 

» 

1 

B 

B 

B 

B 

• 

D 

n 

n 

n 

B 

B 

B 


• 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

127 

D 

n 

D 

n 

B 

B 

B 


2047 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 


Divide ratio A : 0 to 127 Divide ratio less than 16 is prohibited. 

Divide ratio N ; 16 to 2047 



Sa to S ,8 : Divide ratio of programmable counter setting bits (16 to 2047) 
Si to S 7 : Divide ratio of swallow counter setting bits (0 to 127) 

C: Control bit (Control bit is set to low.) 

Dara is input from MSB data. 
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MB1501 

MB1501H 

MB1501L 



PHASE CHARACTERISTICS 


FC pin (pin 12) is provided to inverse the phase comparator 
characteristics. The characteristics of internal charge pump output 
(Do), phase detector outputs (oR, 0 P) can be inversed depending 
upon FC input data. Outputs are shown below. 



FC=H (or open) 

FC=L 

Do 

0R 

0P 

Do 

0 R 

0 P 

fr>fp 

H 

L 

L 

L 

H 

Z 

fr<fp 

L 

H 

Z 

H 

L 

L 

U, 

Z 

L 

Z 

Z 

L 

Z 


Note: Z=(High impedance) 


Depending upon VCO characteristics, FC pin should be set accord¬ 
ingly: 

When VCO characteristics are likeQ, FC should be set high or open 
circuit; 

When VCO characteristics are like®, FC should be set Low. 


VCO CHARACTERISTICS 
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MB1501 

MB1501H 

MB1501L 


RECOMMENDED OPERATING CONDITIONS 



Input Voltage 
Operating temperature 


T, 


-40 


+85 


V 
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MB1501H 

MB1501L 


ELECTRICAL CHARACTERISTICS 


(Vcc=2.7 to 5.5V, Ta=- 40 to +85°C) 


Parameter 

Pin Name 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

Vcc 

Icc 

‘1 

— 

15 

— 

mA 

Operating Frequency 

fin 

f.N 

*2 

10 


1100 

MHz 

OSC,N 

fosc 


— 

12 

20 

MHz 

Input Sensitivity 

fin 

V«n, 

Vec=2.7 - 4.0V 

-10 

— 

6 

dBm 

Vfin2 

Vcc=4.0 ~ 5.5V 

-4 

__ 

6 

dBm 

OSCiN 

V,N 


0.5 

- 

— 

Vp.p 

High-level Input Voltage 

Except 
fin and 
OSCiN 

V,H 


0.7xVcc 

— 

- 

V 

Low-level Input Voltage 

Viu 


— 

— 

O.SxVcc 

V 

High-level Input Current 

Data, 

Clock 

IlH 


— 

1.0 

— 

jxA 

Low-level Input Current 

I.L 


- 

-1.0 

- 

ftA 

Input Current 

OSCiN 

i.N 


— 

±50 

— 

fiA 

LE. FC 

Ile 


- 

-60 

— 

fA 

High-level Output Voltage 

Except 

Do and 
OSCoUT 

VoH 

Vcc=3.0V 

2.4 

— 

~ 

V 

Low-level Output Voltage 

VoL 

— 

— 

0.4 

V 

N-channel Open-drain 

Cutoff Current 

0P 

loFF 

Vcc<Vp<8V 

- 

- 

1.1 

^A 

High-level Output Current 

Except 

Do and 
OSCoUT 

loH 


-1.0 

— 

— 

mA 

Low-level Output Current 

lot 


1.0 

— 

~ 

mA 

High-level Output Current 

i 

Do 

Idohh 

MB1501H 

Vcc=3V 

Vp=12V. Ta=25°C 

-2.2 

-4.5 

— 

mA 

Idoh 

MB1501 

Vcc=3V 

Vp=6V, Ta=25"C 

-0.5 

-2.0 

~ 

mA 

Idohl 

MB1501L 

-0.5 

-1.1 

-2.2 

mA 

1 

Low-level Output Current 

Idolh 

MB1501H 

17cc'3'V 

V.=12V. T.=25°C 

2.2 

6.0 


mA 

Idol 

MB1501 

Vcc=3V 

Vp=6V. Ta=25°C 

1.5 

6.0 

— 

mA 

Idou. 

MB1501L 

4.5 

12.0 

— 

mA 

Leakage Current 

Do, 0P 

Doz 

MB1501H 

Vcc=3v, Vp=i2V 
Ta=25°C 

~ 


1.0 

^lA 

MB1501 

MB1501L 

Vcc=3v7 Vp=9V 
Ta=25°C 


Note: *1 Vcc=3.0V,f,N=1.1GHz,fosc=12MHz crystal. 

Inputs are grounded except fin, and outputs are open. 
*2 Input coupling capacitor lOOOpF is connected. 






MB1501 

MB1501H 

MB1501L 


TYPICAL CHARACTERISTICS CURVES 

CHARGE PUMP CHARACTERISTICS 



LOCK UP TIME MEASUREMENT 

1 

f 1V/div 

1 \ 

Low unlock condition —► Lock (533MHz) 

10ns/div 

High unlock condition —► Lock (518MHz) 






DO PIN OUTPUT CURRENT CURVES (TYPICAL 
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MB1501 

MB1501H 

MB1501L 


Do PIN OUTPUT WAVEFORM AT LOCK CONDITION 
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Energy (En)- 


MB1501 

MB1501H 

MB1501L 











Sensitivity V fm (dBm) Input Sensitivity V (dBm) 


MB1501 

MB1501H 

MB1501L 


INPUT SENSITIVITY 
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MB1501H 

MB1501L 


INPUT IMPEDANCE 



Do Pin Output Current (Ioh, Iol) Measurement 


Vcc Vp 
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MB1501L 


Lock up Time Measurement 



LPF Circuit 



to VCO 


Vcc=3V. Vp=8V 

fvco=Low unlock condition -► Step to Lock condition (533MHz) 

fvco=High unlock condition -► Step to Lock condition (51 8MHz) 

\ > 


Phase Characteristics Measurement 


Vcc Vp 



Oscilloscope 
(10Mn, 10pF) 


' Vcc=3V, Vp=3V 
Af=fr-fp 

^ Energy {En)=V2t 
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TYPICAL APPLICATION EXAMPLE 



Charge Pump Selection 
(Internal or external) 


FROM 

CONTROLLER 


I 0 R I 0 P I fp I f, I FC I LE I Data | Clock ^47k0^47kQ 
16 15 14 13 12 11 10 9 ItTT 77T 


1 2 3 4 5 6 7 8 



OSCquT 

Vp 

nUr 

X’tal 





6V 

ic, Z 

IC 2 

lT , 


lOOOpF Vcc ( 3V ) 

^lOOkn 




Depends on crystal oscillator 
With internal pull up resistor 
Open drain output 










MB1501 

MB1501H 

MB1501L 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC FLAT PACKAGE 

(Case No. I FPT-I6P-M06) 



.089(2.25) MAX 


(SEATED HEIGHT) 

.002(0.05) MIN 
I (STAND OFF) 


oep + .016.c pr\ + 0.40\ 
^®®-.008'® ®°-0.20' 


J-., 


.020+ 008 
(0.50 + 0.20) 

R + .002,rj ik + 0.05v 

6_ 001 0.02) 


Details of "A" part 
^.016(0.40) i 


(iHr r tn nrh ij i ^ 




^|.004(0.10)~ 


.350(8.89) REF - 

c 1990 FUJITSU LIMITED F16Q15S-2C 



Details of "B" part 
t .006(0.15) 1 




.008(0.20) I 
.007 (0.18) 


MAX 

.027(0.68) 


008(0.20) 
.007 (0.18) 


MAX 

.027(0.68) 




MAX 
Dimensions in 
inches (millimeters) 
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MB1502 

Serial Input PLL Frequency Synthesizer 



The Fujitsu MB1502 fabricated in Bi-CMOS technology, is a single chip serial input 
PLL synthesizer with pulse-swallow function. 

The MB1502 contains the following: analog switch to speed up lock uptime, control 
signal generator, 16-bit shift register, 15-bit latch, programmable reference divider 
(binary 14-bit programmable reference counter), 1-bit switch counter, phase 
comparator with phase conversion function, charge pump, crystal oscillator, 19-bit 
shift register, 18-bit latch, programmable divider (binary 7-bit swallow counter and 
binary 11-bit programmable counter) and a 1.1 GHz two modulus prescaler that can 
select either a 64/65 or 128/129 divide ratio. 

It operates supply voltage of 5 V typ. and achieves very low power supply current of 
8 mA typ. realized through the use of Fujitsu Advanced Process Technology. 

• High operating frequency: f in max = 1 -“I GHz (V|n max = ~10 dBm) 

• Pulse swallow function: 64/65 or 128/129 

• Low supply current: Ice = 8 mA typ. 

• Serial input 18-blt programmable divider consisting of: 

- Binary 7-blt swallow counter: 0 to 127 

- Binary 11-bit programmable counter: 16 to 2047 

• Serial input 15-bit programmable reference divider consisting of: 

- Binary 14-bit programmable reference counter: 8 to 16383 
-1 -bit switch counter (SW) sets divide ratio of prescaler 

• On-chip analog switch achieves fast lock up time 

• Two types of phase detector output: 

- On-chip charge pump (Bipolar type) 

- Output for external charge pump 

• Wide operating temperature: -40 °C to +85 

• 16-pin Plastic DIP Package (Suffix: -P) 

16-pin Plastic Flat Package (Suffix: -Pl=^) 


ABSOLUTE MAXIMUM RATINGS 


Paranneter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Vp 

Vcc to 10.0 

V 

Output Voltage 

■m 

—0.5 to Vcc +0.5 

V 

Open-drain Voltage 

Voop 

-0.5 to 0.8 

V 

Output Current 

loUT 

±10 

mA 

Storage Temperature 

Tstg 

-55 to +125 



Note: Permanent device damage may occur if absolute maximum ratings 
are exceeded. Functional operation should be restricted to the condi¬ 
tions as detailed in the operation sections of this data sheet. Expo¬ 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 



Plastic Package 
DIP-16P-M04 



Plastic Package 
FPT-16P-M06 


Pin Assignment 


o 


OSC|N 1^ 


ID <1)R 

OSCouT [T 



Vp |T 


33 ^OUT 

Vcc [T[ 


Isl BISW 


TOP VIEW 


Do [T 


311 FC 

GND [T 


33] LE 

LD [T 


lo| Data 

f|N [F 


qT) Clexjk 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 


© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics. Inc. 
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MB1502 


PIN DESCRIPTION 


Pin No. 

Pin Name 

I/O 

Description 

1 

2 

OSC,M 

OSCouT 

1 

0 

Oscillator input. 

Oscillator output. 

A crystal is placed between 080,^ and OSCouj. 

3 

V. 

- 

Power supply input for charge pump and analog switch. 

4 

Vcc 

- 

Power supply voltage input. 

5 

Do 

0 

Charge pump output. 

The characteristics of charge pump are reversed depending upon FC input. 

6 

GND 

- 

Ground. 

7 

LD 

o 

Phase comparator output. 

Normally this pin outputs high level. While the phase difference of f, and f^ exists, this 
pin outputs low level. 

8 


1 

Prescaler input. 

The connection with an external VCO should be AC connection. 

9 

Clock 

1 

Clock input for 19-bit shift register and 16-bit shift register. 

Each rising edge of tfie clock shifts one bit of data into the shift register.. 

10 

Data 

1 

Binary serial data input. 

The last bit of the data is a control bit which specified destination of shift registers. 

When this bit is high level and LE is high level, the data stored in shift register is trans¬ 
ferred to 15-bit latch. When this bit is low level and LE is high level, the data is trans¬ 
ferred to 18-bit latch. 

11 

LE 

1 

Load enable input (with internal pull up resistor). 

When LE is high or open, the data stored in shift register is transferred into latch de¬ 
pending upon the control bit. At the time, internal charge pump output to be connected 
to BISW pin because Internal analog switch becomes ON state. 

12 

FC 

1 

Phase select input of phase comparator (with internal pull up resistor). 

When FC is low level, the characteristics of charge pump, phase comparator is re¬ 
versed. 

FC input signal is also used to control f^ut pin (test pin) output level, f, or fp. 

13 

BISW 

0 

Analog switch output. 

Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE 
pin is high level), this pin outputs internal charge pump state. 

14 

^OUT 

o 

Monitor pin of phase comparator input. 

f,^, pin outputs either programmable reference divider output (f,) or programmable di¬ 
vider output (fp) depending upon FC pin input level. 

FC=H: It is the same as f, output level. 

FC=L: It is the same as fp output level. 

15 

16 

0P 

0R 

o 

o 

Outputs for external charge pump. 

The characteristics are reversed according to FC input. 

0P pin is N-channel open drain output. 
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FUNCTIONAL DESCRIPTIONS 


SERIAL DATA INPUT 

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-blt programmable 
reference divider and 18-bit programmable divider, respectively. 

Binary serial data is input to Data pin. 

On rising edge of clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open, 
stored data is transferred into latch depending upon the control bit. 

Control data "H" data is transferred into 15-bit latch. 

Control data "L" data is transferred into 18-bit latch. 


PROGRAMMABLE REFERENCE DIVIDER 


Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format Is 
shown below. 


JZ 


Control bit 
LSB 


Divide ratio of prescaler setting bit ■ 
MSB 



s 

s 

S 

S 

S 

S 

S 

S 

S 

S 

S 

s 


S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


14 

w 


Divide ratio of programmable reference counter setting bit 


14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 


Divide 

Ratio 

R 

H 

s 

S 

S 

H 

s 

s 

s 

s 

s 

s 

s 

s 

s 

H 

13 

12 

11 

B 

9 

8 

7 

6 

5 

4 

3 

2 

1 

8 

D 

D 

D 

D 

D 

B 

B 

B 

B 

B 

B 

B 

B 

B 

9 

D 

D 

D 

D 

D 

B 

B 

B 

B 

B 

B 

B 

B 

B 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

D 

a 

n 

D 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 


NOTES: Divide ratio less than 8 is prohibited. 

Divide ratio: 8 to 16383 

SW:This bit selects divide ratio of prescaler. 

SW=:H:64 
SW=L :128 

SI to SI 4: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high level). 

Data Is input from MSB side. 


PROGRAMMABLE DIVIDER 


Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter. 
Serial 19-bit data format is shown on the following page 
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Control bit 
LSB 


MSB 


ZL 


c 

S 

S 

S 

S 

S 

S 

S 

S 

S 

S 

s 

s 

S 

S 

S 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


h- 


Divide ratio of swallow 
counter 
setting bit 


Divide ratio of programmable 
counter 
setting bit 


7-BIT SWALLOW COUNTER DIVIDE RATIO 


Divide 

Ratio 

A 

S 

7 

5 

6 

S 

5 

S 

4 

S 

3 

s 

2 

s 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 


NOTE: Divide ratio; 0 to 127 


11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 


Divide 

Ratio 

N 

S 

18 

s 

17 

s 

16 

s 

15 

s 

14 

s 

13 

s 

12 

S 

11 

s 

10 

s 

9 

s 

8 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 16 is prohibited. 

Divide ratio: 16 to 2047 

SI to S7: Swallow counter divide ratio setting bit. (0 to 127) 

S8 to SI 8: Programmable counter divide ratio setting bit. (16 to 2047) 
C: Control bit (sets as low level). 

Data is input from MSB side. 


PULSE SWALLOW FUNCTION 

tvco= I(PxN)+A] Xfosc+R 

fyco- Output frequency of external voltage controlled oscillator (VCO) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0<A<127, A<N) 

W' Output frequency of the external reference frequency oscillator 

R: Preset divide ratio of binary 14-bit programmable reference counter (8 tol 6383) 

P: Preset modulus of external dual modulus prescaler (64 or 128) 
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t, -t5>1p.S 

SERIAL DATi 

MNPUT TIMING 

Data S18 =MSb] 

(S17 ~~ S10i 

[ S9 SI =LSBX C: control BIT 

*(SW) 

Clock 

(S 

i 

J14) ( 

[L_I 

S8) 

fL 

{S7) (S 

j_1 

1) (C 

L* CONTROL BIT) 

LE 








NOTES: The data noted in par 
On rising edge of doc 

enth 
;k, 0 

teses is used for setting i 
ne bit of data shifts into 1 

the div 
the shi 

ide ratio, 
ift register. 

hH 

ts-* 

• - 


NOTES: Parenthesis data is used for setting divide ratio of proorammable reference divider. 
On rising edge of clock shifts one bit of data in the shift register. 


PHASE CHARACTERISTICS 


FC pin is provided to change phase characteristics of phase 
comparator. Characteristics of internal charge pump output level (Dq), 
phase comparator output level (^R.^P) are reversed depending upon 
FC pin input level. Also, monitor pin (fo„J output level of phase 
comparator is controlled by FC pin input level. The relationship 
between outputs {D^^, (j>R, (j)P) and FC input level is shown below. 




FC=L 


Do 


.P 

^oot 

Do 

eR 

eP 

L. 


D 

B 

B 

(fr) 

B 

B 

B 

V 

H 

D 

B 

B 

(U 

B 

B 

B 

(V 

H 

B 

B 

B 

(U 

B 

B 

B 

(V 


VCO CHARACTERISTICS 



Note: Z=(High impedance) 


Depending upon VCO characteristics, FC pin should be set accordingly: 
When VCO characteristics are likeQ, FC should be set High or open circuit; 
When VCO characteristics are Iike0, FC should be set Low. 
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ANALOG SWITCH 

ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Dq) is 
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state. 

LE»H (Changing the divide ratio of internal prescaler) : Analog switch=ON 
LE«=L (Normal operating mode) : Analog switch=OFF 

LPF time constant is decreased in order to insert a analog switch between LPFI and LPF2 when channel of PLL is changing. 

Thus, lock up time is decreased, that is, fast lock up time is achieved. 



RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Vp 

Vcc 

Vp 

8.0 

V 

Input Voltage 

V, 

GND 


Vcc 

V 

Operating Temperature 

L 

-40 


85 

OQ 
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ELECTRICAL CHARACTERISTICS 

(Vcc=4.5 to 5.5V, Ta=- 40 to +85°C, unless otherwise noticed.) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

Icc 

Note 1 


8.0 

12.0 

mA 

Operating Frequency 

fin 

fin 

Note 2 

10 


1100 

MHz 

osc,„ 

fosc 



12 

20 

MHz 

Input Sensitivity 

f^ 

Vfi„ 


-10 


6 

dBm 

OSC|M 

Vqsc 


0.5 



wm 

High-level Input Voltage 

Except fi„ 
and OSC,N 

V.H 


VccXO.7 



n 

Low-level Input Voltage 

V., 




VccXO.3 

V 

High-level Input Current 

Data 

Clock 

Ql 



1.0 


pA 

Low-level Input Current 

I.L 



-1.0 


pA 

Input Current 

OSC,N 

lose 



±50 


pA 

LE, FC 

lu 



-60 


pA 

High-level Output Current 

Except Do 
and OSCouT 

VoH 

> 

If) 

II 

>« 

4.4 



V 

Low-level Output Current 

Vou 




0.4 

V 

N-channel Open Drain 
Cutoff Current 

Do. 0P 

Iqff 

Vp=Vccto 8V 
Voop=GND to 8V 



1.1 

pA 

Output Current 

Except Do 
and OSCouT 

loH 


-1.0 



mA 

Iqu 


1.0 



mA 

Analog Switch On Resistor 

l^ON 



25 


Q 


NOTE 1: L»1.1GHz, OSCm=12MHz, Vqc= 5V. Inputs are grounded and outputs are open. 

NOTE 2: AC coupling. Minimum operating frequency is measured when a capacitor lOOOpF is connected. 
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TYPICAL CHARACTERISTICS CURVES 


INPUT SENSITIVITY CHARACTERISTICS 


Sensitivity 

(dBm) 


fin Input Sensitivity vs. Input Frequency 


OSC,N Input Sensitivity vs. Input Frequency 



Input Frequency fin (GHz) 


1 5 10 50 100 

Input Frequency OSCin (MHz) 
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TYPICAL APPLICATION EXAMPLE 


Vpx(6V) 


OUTPUT 


Charge Pump 
Selection 
(Internal or 
external) 


FROM 

CONTROLLER 


I I I W BISW I FC I LE Data Clock ^ 47k £ 47k 

16 15 14 13 12 11 10 9 1777 777 


1 2 3 4 5 6 7 8 


OSC,H 

.jni. 

OSCouT 

Vp 

Vcc 

Do 

GND 

HlJr 

X’tal 


6V 

T" 

5V 

T 

7 

7 

— c, 

IC, 

_1 f 





lOOOp Vcc(5V ) 

^lOOk 




Vp, Vpx: 8V max, 

C„ Cg : Depends on crystal oscillator 
LE.FC : With internal pull up resistor 
0P : Open drain output 








MB1502 
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MB1503 

Serial Input PLL Frequency Synthesizer 


The Fujitsu MB1503 is a serial input phase-locked loop (PLL)frequency synthesizer 
with a pulse-swallow function. A stand-by mode is provided to limit power 
consumption during intermittent operation. 

The MB1503 is configured with a 1.1 GHz dual-modulus prescaler with a 128/129 
divide ratio, control signal generator, 16-blt shift register, 15-bit latch, program¬ 
mable reference divider (binary 14-bit programmable reference counter), 1-bit 
switch counter, phase comparator with phase conversion function, charge pump, 
crystal oscillator, 19-bit shift register, 18-bit latch, programmable divider (binary 
7-bit swallow counter and binary 11 -bit programmable counter), analog switches, 
and intermittent operation control circuit that selectsthe operating or stand-by mode 
depending on the power-save control input state (PS). 

The MB1503 operates from a single +5 V supply. Fujitsu’s advanced technology 
achieves an Ice of 8 mA, typical. The stand-by mode current consumption is just 
100 pA. 

• High operating frequency: f|N = 1.1 GHz (Vin = -10 dBm) 

• Pulse-swallow function: high-speed dual-modulus prescaler with 128/129 

divide ratio 

• Low supply current: Ice = 8 mA typ. at 5 V 

• Power-saving stand-by mode: 100 pA 

• Serial Input, 18-bit programmable reference divider consisting of: 

Binary 7-bit swallow counter: 0 to 127 

Binary 11-bit programmable counter: 0 to 2,047 

• Serial input, 15-bit programmable reference divider consisting of binary 15-blt 
programmable reference counter: 8 to 16,383 1-bit switch counter sets 
prescaler divide ratio 

• On-chIp analog switch for fast lock-up 

• On-chip charge pump 

• Wide operating temperature range: -40 to +85 

• Plastic 16-pin dual Inline package (Suffix: -P) 

Plastic 16-pin small outline package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS 


Note: Permanent device damage may occur if absolute maximum ratings are ex¬ 
ceeded. Functional operation should be restricted to the conditions as de¬ 
tailed in the operation sections of this data sheet. Exposure to absolute maxi¬ 
mum rating conditions for extended periods may affect device reii^ility. 

© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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MB1503 


PIN DESCRIPTION 


I Pin 

Ko, 

Pin name 

1 I/O 

Description 

1 

OSC|N 

■ 

Programmable reference divider input 

Oscillator input 

An external crystal is connected to this pin 

2 

OSCqui 

0 

Oscillator output 

An external crystal is connected to this pin 

3 

Vp 

- 

Power supply input for charge pump and analog switch 

4 

Vcc 

- 

Power supply 

5 

Do 

0 

Charge pump output 

Phase of charge pump is reversed depending on FC input 

6 

GND 

- 

Ground 

■ 

LD 

o 

Phase comparator output 

The output level is high when LD is locked. The output level is low when LD is unlocked 

8 

m 


Prescaler Input 

Connection with an external VCO should be done by AC coupling 

9 

Clock 


Clock input for 19-blt and 16-bit shift registers 

Data is shifted into the shift register on the rising edge of the clock 

Schmitt trigger circuit is Involved 

10 

Data 


Serial data input using binary code 

The last bit of the data is a control bit 

When the control bit Is high, data is transmitted to the 15-bit latch 

When it is low, data is transmitted to the 18-bit latch 

Schmitt trigger input is involved 

11 

LE 


Load enable signal input 

When LE is high, the data of the shift register is transferred to a latch, depending on the 
control bit in the serial data. At the same time, an Internal analog switch turns on and the output 
of the internal charge pump is connected to the BiSW pin 

Schmitt trigger input Is involved 

12 

FC 


Phase select input of phase comparator (with internal pull-up resistor) 

When FC is low, the characteristics of the charge pump and phase comparator are reversed 
The FC input signal Is also used to control the four pin (test pin) of ff, or fp 

13 

BiSW 

0 

Analog switch output 

BiSW Is usually in the high-impedance state. When the switch is turned on (LE is high), the 
state of the Internal charge pump Is output 

14 

fp 

o 

Programmable counter output monitor pin 

15 


0 

Reference counter output monitor pin 

16 

PS 

■ 

Power save signal input 

Set PS low while the system is powered (Never use pin 16 as it is opened) 

PS = High : Operation mode 

PS = Low ; Stand-by mode 
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FUNCTION DESCRIPTIONS 


Pulse swallow function 

The divide ratio can be calculated using the following equation; 

fvco = [(MxN) + A]xfosc+R (A<N) 

fvco : Output frequency of external voltage controlled oscillator (VCO) 

N : Preset divide ratio of binary 11-bit programmable counter (16 to 2,047) 

A : Preset divide ratio of binary 7-bit swallow counter (0 < A < 127) 

fosc • Output frequency of the reference frequency oscillator 

R : Preset divide ratio of binary 14-bit programmable reference counter (8 to 16,383) 

M ; Preset divide ratio of modulus prescaler (128) 

Serial data Input 

Serial data is input using the Data, Clock, and LE pins. Serial data controls the 15-bit programmable reference divider and 18-bit 

programmable divider separately. 

Binary serial data is input to the Data pin. 

One bit of data is shifted into the internal shift registers on the rising edge of the clock. When the load enable pin is high or open, 

stored data is latched depending on the control data as follows: 


Control data 

Destination of serial data 

H 

15 bit latch 

—1 

18 bit latch 


(a) Programmable reference divider ratio 

The programmable reference divider consists of a 15-bit latch and a 14-bit reference counter. The serial 16-bit data format is 
shown below: 


-► Direction of data shift 

Control bit Divide ratio setting bit for prescaler 

LSB MSB 



s 

s' 

S 

S 

S 

S 

S 

S 

S 

S 

S 

s 

S 

S 


c 1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

SW 


Divide ratio setting bit for programmable reference counter 
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• 14-bit programmable reference counter divide ratio 


Dlvlctft ratio 

s 

$ 

$ 

$ 

$ 

$ 

$ 

S 

$ 

$ 

$ 

$ 

$ 

$ 

n 

14 

13 

12 

11 

10 

9 

3 

r 

$ 

$ • 

4 

3 

2 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

a 

D 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

D 


(Divide ratio ^ 8 to 16,383) 


Notes: 


1. Divide ratios less than 8 are prohibited. 

2. SW: This bit selects the divide ratio of the prescaler 
SWLow: 128 or 129 

(SW must be always be low.) 

3. SI to SI4: These bits select the divide ratio of the programmable reference counter (8 to 16,383). 

4. C: Control bit; Set high. 

5. Input data MSB first. 


(b) Programmable divider divide ratio 

The programmable divider consists of a 19-bit shift register, an 18-bit latch, a 7-bit swallow counter, and an 11-bit 
programmable counter. The serial 19-bit data format is shown below: 


Direction of data shift 
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• 7-bit swallow counter divide ratio 


11 -bit programmable counter divide ratio 


Divide 

ratio 

N 

$ 

ia 

$ 

17 

$ 

16 

$ 

15 

s 

14 

$ 

13 

$ 

12 

III 

ill 

$ 

10 

s 

9 

$ 

6 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• . 

• 

• 

• 

• 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Divide 

ratio 

A 

III 

III 

oj in 

ill 

III 

(n 

III 

111 

111 

2 

s 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 


(Divide ratio = 0 to 127) (Divide ratio = 16 to 2,047) 


Notes; 


1. Divide ratios less than 16 are prohibited for 11-bit programmable counter. 

2. SI to S7: These bits select the divide ratio of swallow counter (0 to 127). 

3. S8 to SI 8: These bits select the divide ratio of programmable counter (16 to 2,047). 

4. C: Control bit: (Set low) 

5. Input data MSB first. 


Serial data input timing 

• t, (> Ifis): Data setup time tj (^ Ips): Data hold time tg (> Ips): Clock pulse width 

t 4 (> 1)Lis) : LE setup time to the rising edge of last clock tg (> 1}is): LE pulse width 



/ S9 “ N/ C: Control bit 

\ lsbA 

(SW) (*1) 

(S14) (S8) 

(S7) (SI) (C: Control bit) 

Clock 

JL..JL 


LE 


M 

t,- 


II 1 I I 

^^11 1 • • t4 


*1 : Bits enclosed in parentheses are used when the divide ratio of the programmable reference divider is selected. 
Note; One bit of data is shifted into the shift register on the rising edge of the clock. 
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intermittent operation 

Intermittent operation limits power consumption by shutting down or starting the internal circuits according to its necessity. If device 
operation resumes uncontrolled, the error signal output from the phase comparator may exceed the limit due to an undefined phase 
relationship between the reference frequency (fp) and the comparison frequency (fp) and frequency lock is lost. 

To prevent this, an intermittent operation control circuit is provided to decrease the variation in the locking frequency by forcibly 
correcting phase of both frequencies to limit the error signal output. This is done by the PS control circuit. If PS Is set high, the circuit 
enters the operating mode. If PS is set low, operation stops and the device enters the stand-by mode. Each mode is explained below: 


• Operating mode (PS = High) 

All circuits are operating, and PLL operation is normal. 

• Stand-by mode (PS = Low level) 

Circuits that do not affect operation are power-down to limit current consumption. 

The current in the power save state is typically 100 pA. 

At this time, the levels of and LD are the same as when the PLL is locked. 

Since Dq is placed in the high-impedance state and the input voltage of the voltage controlled oscillator (VCO) is set to the voltage 
in the operating mode (when locked) by the time constant of the low-pass filter, the frequency output from the VCO (fvco) is kept at 
the locking frequency. 



The operating and stand-by modes alternate repeatedly. This intermittent operation limits the error signal by forcibly correcting the 
phase of the reference and comparison frequencies to limit power consumption. 

The device must be set in the stand-by mode (PS = low) when it is powered up. 


Relationship between the FC input and phase characteristics 

The FC pin changes the phase characteristics of the phase comparator. The Internal charge pump output level (0^) is reversed, 
depending on the FC pin input level. The relationship between the FC input level and Dq is shown below: 



FC is High or open 

FC a Low 

fp, > fp 

H 

L 

fp, < fp 

L 

H 

fp = fp 

ZC1) 

zei) 


*1: High impedance 

When designing a synthesizer, the FC pin setting depends on the VCO characteristics. 


♦: When the VCO characteristics are similar to 
0, set FC high or open. 

*: When the VCO characteristics are similar to 
@, set FC low. 


VCO 

output 

frequency 



VCO input voltage -► 
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Phase comparator output waveform (FC = High) 


fR 


fp ' ' 

n . 

n 

u 

U 1 

LT 

.1 

1 1 

1-^—iir--Lj--n 

1 

1 

L_r 


fp > fp fp — fp fp < fp fp < fp fp < fp 



Notes: 1. Phase difference detection range: -27t to+27c 

2. Spike appearance depends on the charge pump characteristics. Also, the spike is output to diminish 
dead band. 

3. When fp > fp or fp < fp, spike might not appear depending on the charge pump characteristics. 

4. LD Is low when the phase difference is two or more. LD is high when the phase difference is two or less 
for three or more cycles (when fosc,N = 12.8 MHz, tw = 625 to 1,250 ns). 


Analog switch 

The LE signal turns the analog switch on or off. When the analog switch is turned on, the charge pump output (DJ is output through 
the BiSW pin. When it is turned off, the BiSW pin is in the high-impedance state. 

When LE = high (when the divide ratio of the internal divider is changed): Analog switch = on 
When LE = low (normal operating mode): Analog switch = off 

The LPF time constant can be decreased by inserting an analog switch between LPF1 and LPF2. This decreases the lock-uptime 
when the PLL channel is changed. 
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RECOMMENDED OPERATING CONDITIONS 



Notes: To protect against damage by electrostatic discharge, note the following handling precautions: 

- Store and transport devices in conductive containers. 

- Use properly grounded workstations, tools, and equipment. 

- Turn off power before inserting or removing this device from a socket 

- Protect leads of the device using conductive sheet when handling PC boards on which devices are mounted. 
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ELECTRICAL CHARACTERISTICS 



— 

Symbot 

Value 

Unit 

Condition 

Min 

Typ 

Max 

Supply current 

■ 

- 

8.0 

12.0 

mA 

With f„ = 1.1GHz, OSC,N = 
12MHz,Vcc = 5.0V. Inputs 
are V^o and outputs are 
open 

Stand-by current 

IPS 

- 

100 

- 

pA 

With f„ = 1.1 GHz, OSC,N = 
12 MHz, Vcc = 5.0 V. The 
PS pin is grounded, remain¬ 
ing inputs are at Vcc, ^md 
outputs are open 

Operating frequency 

^IN 

f.N 

10 

- 

1100 

MHz 

AC coupling. The minimum 
operating frequency is 
measured with a 100-pF 
capacitor connected 

OSC(i4 

foSG 

- 

12 

20 

MHz 


Input sensitivity 

f.N 

V.,H 

-10 

- 

6 

dBm 


OSC,M 


0.5 

- 

- 

Vp-p 


High-level input voltage 

Except f,H and 

osc,„ 

Ql 

VccXO.7 

- 

- 

V 


Low-level input voltage 

K 

- 

- 

VocXO.3 

V 


High-level Input current 

Data, Clock, 
LE 


- 

1.0 

- 

pA 


Low-level input current 

I.L 

- 

-1.0 


pA 


FC 

m 

- 

-60 

- 

pA 


Input current 

osc,„ 

lose 

- 

±50 

- 

pA 


High-level output voltage 

Except Do and 
OSCqut 

VoH 

4.4 

- 

- 

V 

Vcc = 5V 

Low-level output voltage 

Vou 

- 

- 

0.4 

V 


High-impedance 

Cut off current 

Do 

loFF 

- 

- 

1.1 

pA 

VDo = GNDto8V 
Vcc<Vp<8V 

Output current 

Except Do and 
OSCouT 

loH 

-1.0 

- 

- 

mA 


m 

1.0 

- 

- 

mA 


Analog switch ON resistance 


- 

25 

- 

O 
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TEST CIRCUIT 

(FOR MEASURING PRESCALER INPUT SENSITIVITY) 









MB1503 


APPLICATION EXAMPLE 



Vp, Vpx : Maximum 8 V 

C,,C 2 : Depend on the crystal parameters 


3-46 








MB1503 


PACKAGE DIMENSIONS 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 



.089(2.25)MAX 


(MOUNTING HEIGHT) 
.002(0.05)MIN 


^1 


(STAND OFF HEIGHT) 


.268 


+.016 


(6.80_ 


+0.40 V 




T 

-4r— 


.020±.008 

(0.50±0.20) 

002 (n .jc+0.05\ 


“A” 



1 


□ 

n 









f 



n? 1.004(0.10) 1 




L- .350(8.89) REF 

— 




©1991 FUJITSU LIMITED F16015S-2C 



3-47 









MB1503 



3-48 





October 1990 
Edition 4.0 


FUJITSU 


DATA SHEET 


MB1504/MB1504H/MB1504L 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 520MHz PRESCALER 

The Fujitsu MB1504/MB1504H/MB1504L, utilizing BI-CMOS technology, is a single chip 
serial input PLL frequency synthesizer with pulse-swallow function. 

The MB1504 series contain a 520MHz two modulus prescaler that can select either 32/33 or 
64/65 divide ratio; control signal generator; 16-bit shift register; 15-bit latch; programmable 
reference divider (binary 14-bit programmable reference counter); 1-bit switch counter; 
phase comparator with phase inverse function; charge pump; crystal oscillator; 19-bit shift 
register; 18-bit latch; programmable divider (binary 7-bit swallow counter and binary 11-bit 
programmable counter). 


The MB 1504 operates on a low supply voltage (3V typ) and consumes low power (30mW at 
520MHz). 

MB1504 Product Line_ 



Vp Voltage 

Voop Voltage 

Lock up time 

Do Output 
Width 

High-level 
Output Current 

Low-level 
Output Current 

MB 1504 

8V max 

8.5V max 

Middle speed 

Middle 

Middle 

Middle 

MB1504H 

10V max 



Low 

High 

Low 

MB1504L 

8V max 

8.5V max 

Low speed 

High 

Low 

High 


• High operating frequency; fiN max=520MHz (V,n min=0.20Vp.p) 

• On-chip prescaler 

• Low power supply voltage; 2.7V to 5.5V (3.0V typ) 

• Low power supply consumption; 30mW (3.0V, 520MHz operation) 

• Serial input 18-bit programmable divider consisting of: 
o Binary 7-bit swallow counter (Divide ratio: 0 to 127) 

o Binary 11-bit programmable counter (Divide ratio: 16 to 2047) 

• Serial input 15-bit programmable reference divider consisting of: 

o Binary 14-bit programmable reference counter (Divide ratio; 8 to 16383) 
o 1-bit switch counter (SW) Sets divide ratio of prescaler 

• 2types of phase detector output 

o On-chip charge pump (Bipolar type) 
o Output for external charge pump 

• Wide operating temperature: Ta=-40°C to +85°C 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Condition 

Value 

Unit 

Power Supply Voltage 

Vcc 


-0.5 to +7.0 

V 

VpH 

MB1504H 

Vrr. to 1 2.0 

V 

Vp.VpL. 

MB1504/1504L 

Vr,c to 10.0 

Output Voltage 

VoUT 


-0.5 to Vcc +0.5 

V 

Open-drain Output 

_VnopH_ 

MB1504H 

-0.5 to 11.0 

V 

Q 

C 

d 

C 

C 

> 

MB1504/1504L 

-0.5 to 9.0 

Output Current 

louT 


±10 

mA 

Storage Temperature 

Tstg 


-55 to -hi25 

°C 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
_ reliability. _ 



PLASTIC PACKAGE 
DIP-16P-M04 



PLASTIC PACKAGE 
FPT-16P-M06 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. How¬ 
ever, it is advised that normal precautions be taken to 
avoid applicatbn of any voltage higher than maximum 
rated voltages to this high im^ance circuit. 


Copyright© 1990 by FUJITSU LIMITED 






























MB1504 

MB1504H 

MB1504L 


.G> 


GND 


G> 

0 - 


osc, 


0 


OSCouT 


©*■ 


•0 


Data I 


0 - 


Clock 


0 


MB1504/MB1504H/MB1504L BLOCK DIAGRAM 


Crystal 

Oscillator 

Circuit 


Prescaler 

Circuit 


Control 

1 


1 

1-Bit Latch 


1 




1 


-c 


16-Bit Shift Register 
16-Bit Shift Register 


Diioiqiioiie: 

k 


15-Bit Latch 


15-Bit Latch 





Programmable 
Reference Divider 


iAU- 


-[ 


Binary 14-Bit 
Reference Counter 


1-bit 

SW 


L._I 


19-Bit Shift Register 


€ 


19-Bit Shift Register 


1 


18-Bit Latch 


7-Bit Latch 


11 -Bit Latch 


Phase 

Comparator 


-^1 

—© 
-o 

-*© 


FC 


LD 


0R 


Charge 

Pump 


Vp 

Do 




Programmable Divider 


I 


I_ 


I 


Binary 7-Bit 

Binary 11-Bit 

Swallow Counter 

Programmable Counter 




_I 


Control Circuit 
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MB1504L 


PIN DESCRIPTIONS 


Pin No. 

Pin Name 

i/0 

Descriptions 

1 

2 

OSCff^ 

OSCouT 

1 

0 

Osdilator input. 

Oscillator output. 

A crystal is placed between OSCin and OSCout. 

3 

Vp 

- 

Power supply input for charge pump. 

4 

Vcc 

- 

Power supply voltage input. 

5 

Do 

o 

Charge pump output. 

Phase characteristic can be inversed depending upon FC input. 

6 

GND 

- 

Ground. 

7 

LD 

o 

Phase comparator output. 

This pin outputs high when the phase is locked. While the phase difference of f, and fp exists, the output 
level goes low. 

8 

fin 

1 

Prescaler input. 

The connection with an external VCO should be an AC connection. 

9 

Clock 

i 

Clock input for 19-bit shift register and 16-bit shift register. 

Each rising edge of the clock shifts one bit of data into the shift registers. 

10 

Data 

1 

Serial data of binary code input. 

The last bit of the data is a control bit. The last data bit specifies which latch is activated. 

When the last bit is high level and LE is high-level, data is transferred to 15-bit latch. 

When the last bit is low level and LE is high level, data is transferred to 18-bit latch. 

11 

LE 

1 

Load enable input (with internal pull up resistor). 

When LE is high level (or open), data stored in the shift register is transferred to latch depending on the 
control data. 

12 

FC 

0 

Phase selecting input of phase comparator (with internal puli up resistor). When FC is low level, 
charge pump and phase detector characteristics can be inversed. 

13 

f, 

o 

Monitor pin of phase comparator input. 

It is the same as programmable reference divider output. 

14 

fp 

o 

Monitor pin of phase comparator Input. 

It is the same as programmable divider output. 

15 

16 

0P 

0R 

0 

o 

Outputs for external charge pump. 

Phase characteristics can be inversed depending on FC input. 

0 P pin is an N-channel open-drain output. 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data Input is input using Data pin, Clock pin and LE pin, The 15-bit programmable reference divider and 18-bit programmable divider are 
controlled respectively. 

On rising edge of the clock shifts one bit of the data into the internal shift registers. 

When load enable (LE) is high level (or open), data stored in shift resisters is transferred to 15-bit latch or 18-bit latch depending upon the control bit 
level. 

Control data "H"; Data is transferred into 15-bit latch. 

Control data “L"; Data is transferred into 18-bit latch. 

PROGRAMMABLE REFERENCE DIVIDER 


Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is shown below. 










» Data input 








Last data input - 

n 

r 

— 

— Control bit 



Divide ratio of prescaler setting bit — 


n 

r 

- First data input 

1 


r 

— LSB 









MSB —— 


1 



. 

s 

S 

S 

S 

S 

s 

S 

s 

S 

B 

■ 

B 

S 

B 





c 











M 


M 



SW 





1 

2 

3 

4 

5 

6 

7 

8 

9 

B 

11 

B 

13 

B 






— 

— 

Divide ratio of programmable reference counter setting bits 

— 




@ 14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 







Divide 

S 

S 

S 

S 

H 

S 

S 

S 

s 

S 

s 

S 

s 


s 



ratio 



















F 


14 

13 

12 

11 

D 

9 

8 

7 

6 

5 

4 

3 

2 


1 



8 

D 

D 

D 

D 

D 

D 

D 

B 

B 

B 

B 

B 

B 

B 



9 

D 

D 

D 

D 

B 

D 

B 

B 

B 

B 

B 

B 

B 

B 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Divide ratio less than 8 is prohibited. 












Divide ratio R: 8 to 16383 














SW: Divide ratio of prescaler setting bit. 

SW="H": 32 
SW=V: 64 

Si to S 14 : Divide ratio of programmable reference counter setting bits (8 to 16383) 
C: Control bit (Control bit Is set to high.) 
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MB1504H 

MB1504L 


FUNCTIONAL DESCRIPTIONS 

PROGRAMMABLE DIVIDER 


Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter. 
Serial 19-bit data format is shown below. 


Last data input ^ ^ First data In 

1 - Control bit i 

1 ^- LSB MSB -j 1 

put 


C 

S 

1 

s 

2 

s 

3 

s 

4 

S 

5 

5 

6 

s 

7 

S 

8 

S 

9 

S 

10 

S 

11 

S 

12 

S 

13 

S 

14 

S 

15 

S 

16 

S 

17 

S 

18 




^ _ Divide ratio of swallow counter 

setting bits 

LLOW COUNTER DIVIDE RATIO 


|i 

i/ide ratio of programmable counter 
setting bits 

^AMMABLE COUNTER DIVIDE RAT 



® 7-BIT SWA 


g) 11-BIT PROOF 

lO 





Divide 

ratio 

A 

S 

7 

5 

6 

S 

5 

S 

4 

S 

3 

S 

2 

S 

1 


Divide 

ratio 

N 

S 

18 

S 

17 

S 

16 

S 

15 

S 

14 

S 

13 

S 

12 

S 

11 

S 

10 

s 

9 

S 

8 


0 

0 

0 

0 

0 

0 

0 

0 


16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 


17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 


• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 


2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Divide ratio A ; 0 to 127 Divide ratio less than 16 is prohibited. 

Divide ratio N : 16 to 2047 



Sa to Si a : Divide ratio of programmable counter setting bits (16 to 2047) 

Si to Sr : Divide ratio of swallow counter setting bits (0 to 127) 

C: Control bit (Control bit is set to low.) 

Dara Is input from MSB data. 
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MB1504 

MB1504H 

MB1504L 


RECOMMENDED OPERATING CON 

IDITIONS 

Parameter 

Symbol 


Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 


2.7 

3.0 

5.5 

V 

VpH 

MB1504H 

Vcc 


10.0 

V 

Vp. VpL 

MB1504 

MB1504L 

Vcc 


8.5 

Open-drain Output 

VoOPH 

MB1504H 

Vcc 


10.0 

V 

Voop. VoOPL 

MB 1504 
MB1504L 

Vcc 


8.5 

Input Voltage 

V,N 


GND 


Vcc 

V 

Operating temperature 

Ta 


-40 


+85 

°c 
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ELECTRICAL CHARACTERISTICS 

(Vcc=2.7 to 5.5V, Ta=~ 40 to +85X) 


Parameter 

Pin Name 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

Vcc 

Icc 

*1 


10 

- 

mA 

Operating Frequency 

fin 

flN 

mmmm 

10 

- 

520 

MHz 

OSCiN 

fosc 


- 

12 

20 

MHz 

Input Sensitivity 

fin 

Vfini 

Vcc=2.7 - 4.0V 

-10 

_ 

6 

dBm 

Vfin2 

Vcc=4.0 ~ 5.5V 

-4 

- 

6 

dBm 

OSCiN 

||Q||[| 


0.5 

„ 

- 

Vp.p 

High-level Input Voltage 

Except 
fin and 

OSCiN 

ViH 


0.7xVcc 

- 

- 

s 

Low-level input Voltage 

ViL 


- 

- 

O.SxVcc 

B 

High-level Input Current 

Data, 

Clock 

IlH 


- 

1.0 

- 

pA 

Low-level Input Current 

lit 


- 

-1.0 

- 

pA 

Input Current 

OSCiN 

I.N 


- 

±50 

- 

pA 

LE. FC 

Ile 


- 

-60 

- 

pA 

High-level Output Voltage 

Except 

Do and 
OSCqut 

VoH 

Vcc=3.0V 

2.4 

- 

- 

V 

Low-level Output Voltage 

VoL 

- 

- 

0.4 

V 

N-channel Open-drain 

Cutoff Current 

0P 

loFF 

Vcc^Vp<8V 

- 


1.1 

pA 

High-level Output Current 

Except 

Do and 
OSCqut 

loH 


-1.0 

- 

- 

mA 

Low-level Output Current 

lot 


1.0 

- 

- 

mA 

High-level Output Current 

Do 

Idohh 

MB1504H 

Vcc=3V 

Vp=12V. Ta=25°C 

-2.2 

-4.5 

- 

mA 

Idoh 

MB1504 

Vcc=3V 

Vp=6V, Ta=25°C 

-0.5 

-2.0 

- 

mA 

Idohl 

MB1504L 

-0.5 

-1.1 

-2.2 

mA 

Low-level Output Current 

Idolh 

MB1504H 

Vcc=3V 

Vp=12V. Ta=25°C 

2.2 

6.0 

- 

mA 

loot 

MB1504 

Vcc=3V 

Vp=6V, Ta=25°C 

1.5 

6.0 

- 

mA 

loott 

MB1504L 

4.5 

12.0 

- 

mA 

Leakage Current 

Do, 0P 

Doz 

Vcc=3V 

Vp=12V. Ta=25°C 

- 


1.0 

pA 


Note: *1 Vcc=3.0V, fiN=520MHz, fosc=12MHz crystal. 

Inputs are grounded except f(N, and outputs are open. 
*2 Input coupling capacitor lOOOpF is connected. 
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MB1504H 

MB1504L 


TYPICAL CHARACTERISTICS CURVES 


CHARGE PUMP CHARACTERISTICS 



























I\/IB1504 

MB1504H 

MB1504L 


Do PIN OUTPUT WAVEFORM AT LOCK CONDITION 













Energy (En) - V2t 


MB1504 

MB1504H 

MB1504L 


PHASE CHARACTERISTICS (At vs. Do OUTPUT ENERGY) 



Time Af (ns) 
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TEST CIRCUIT 

Do Pin Output Current (Ioh, Iol) Measurement 
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Lock up Time Measurement 
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TYP CAL APPLICATION EXAMPLE 


Charge Pump Selection 
(Internal or external) 


FROM 

CONTROLLER 


I 0 R I 0 P I fp I ff I FC I LE I Data | Clock ^47ka ^47kn 
16 15 14 13 12 11 10 9 lyh’ vh" 


1 2 3 4 5 6 7 8 



OSCiN Vp 

Vcc Do GND 

Huh 

X’tal 


777 


6V 

T 

3V 

T 


_ Ca -1 . 



lOOOpF Vcc ( 3V ) 

^lOOkfl * 


I Z 


Vp, Vpx : 8V max. 

Cl, Ca : Depends on crystal oscillator 
LE.FC ; With internal pull up resistor 
0 P : Open drain output 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No.: DIP-I6P-M04) 


(-\ + .008/4 q cc'^0.20i 

0- 012''^ ®°-0.30' 



.244±.010 .300(7.62) 

(6.20±0.25) TYP 


- 4 -^,— 

( 0.99 + °-^°) 


I . 060 Z^'^ 

^1.52+0 30j 



.0101.002 j 
(0.2510.05) 


.050(1.27) 

! .100(2.54) 1 

.0181.003 

MAX ^ 

TYP ' 

(0.4610.08) 

© 1988 FUJITSU LIMITED D16033$-2C 



172(4.36) MAX 

118(3.00) MIN 


Dimensions in 
inches (millimeters) 
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DATA SHEET 


Fupsu 


MB1505 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


LOW POWER SERIAL INPUT PLL 
SYNTHESIZER WITH 600MHz PRESCALER 



The Fujitsu MB1505, utilizing BI-CMOS technology, is a single chip serial input 
PLL synthesizer with pulse-swallow function. 

The MB 1505 contains a 600MHz two modulus prescaler that can select of either 
32/33 or 64/65 divide ratio, control signal generator, 16-bit shift register, 15-bit 
latch, programmable reference divider (binary 14-bit programmable reference 
counter), 1-bit switch counter, phase comparator with phase conversion function, 
charge pump, crystal oscillator, 19-bit shift register, 18-bit latch, programmable 
divider (binary 7-bit swallow counter and binary 11 -bit programmable counter) and 
analog switch to speed up lock up time. 

It operates supply voltage of 5V typ. and achieves very low supply current of 6mA 
typ. realized through the use of Fujitsu Advanced Process Technology. 



• High operating frequency: fiN max=600MHz (ViNMiN=-4dBm) 

• Pulse swallow function: 32/33 or 64/65 

• Low supply current: lcc=6mA typ. 

• Serial input 18-bit programmable divider consisting of; 
o Binary 7-bit swallow counter: 0 to 63 

o Binary 11 -bit programmable counter: 16 to 2047 

• Serial input 15-bit programmable reference divider consisting of: 
o Binary 14-bit programmable reference counter: 8 to 16383 

o 1 -bit switch counter (SW) sets divide ratio of prescaler 

• On-chip analog switch achieves fast lock up time 

• 2types of phase detector output 

o On-chip charge pump (Bipolar type) 
o Output for external charge pump 

• Wide operating temperature: -40®C to +85®C 

• 16-pin Plastic DIP Package (Suffix : -P) 

16-pln Plastic Flat Package (Suffix :-PF) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Vp 

Vcc to 10.0 

V 

Output Voltage 

VoUT 

—0.5 to Vcc +0.5 

V 

Open-drain Voltage 

VoOP 

-0.5 to 0.8 

V 

Output Current 

lour 

±10 

mA 

Storage Temperature 

Tstg 

-55 to+125 



NOTE: Permanent device damaoe may occur if the above Absolute Maxi¬ 
mum Ratings are exceeded. Functional operation should be restricted 
to the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



PLASTIC PACKAGE 
FPT-16P-M02 


PIN ASSIGNMENT 

osCiN 

o 

ii 0R 

OSCouT 


H 0P 

Vp[I 


four 

Vcc [T 

Top View 

TH BISW 

Do [s 


H FC 

GND [7 


U\ LE 

LD (7 


To| Data 

f.[I 


3 Clock 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. How¬ 
ever, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum 
rated voltages to this high imp^nce circuit. 


Copyright© 1990 by FUJITSU LIMITED 
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PIN DESCRIPTION 


Pin No. 

Pin Name 

I/O 

Description 

1 

2 

OSC.N 

OSCoUT 

1 

0 

Oscillator input. 

Oscillator output. 

A crystal is placed between OSCin and OSCout. 

3 

Vp 

- 

Power supply input for charge pump and analog switch. 

4 

Vcc 


Power supply voltage input. 

5 

Do 

o 

Charge pump output. 

The characteristics of charge pump is reversed depending upon FC input. 

6 

GND 

- 

Ground. 

7 

LD 

0 

Phase comparator output. 

Normally this pin outputs high level. While the phase difference of f, and fp exists, this 
pin outputs low level. 

8 

f,N 

1 

Prescaler input. 

The connection with an external VCO should be AC connection. 

9 

Clock 

1 

Clock input for 19-bit shift register and 16-bit shift register. 

On rising edge of the clock shifts one bit of data into the shift registers. 

10 

Data 

1 

Binary serial data input. 

The last bit of the data is a control bit which specified destination of shift registers. 

When this bit is high level and LE is high level, the data stored in shift register is trans¬ 
ferred to 15-bit latch. When this bit is low level and LE is high level, the data is trans¬ 
ferred to 18-bit latch. 

11 

LE 

1 

Load enable input (with internal pull up resistor). 

When LE is high or open, the data stored in shift register is transferred into latch de¬ 
pending upon the control bit. At the time, internal charge pump output to be connected 
to BISW pin because internal analog switch becomes ON state. 

12 

FC 

1 

Phse select input of phase comparator (with internal pull up resistor). 

When FC is low level, the characteristics of charge pump, phase comparator is re¬ 
versed. 

FC input signal is also used to control Ut pin (test pin) output level, f, or fp. 

13 

BISW 

o 

Analog switch output. 

Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE 
pin is high level), this pin outputs internal charge pump state. 

14 

four 

o 

Minitor pin of phase comparator input. 

fout pin outputs either programmable reference divider output (L) or programmable di¬ 
vider output (fp) depending upon FC pin input level. 

FC=H; It is the same as f, output level. 

FC=L: It is the same as fp output level. 

15 

16 

0P 

0R 

o 

o 

Outputs for external charge pump. 

The characteristics are reversed according to FC input. 

0P pin is N-channel open drain output. 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 


Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls IS-bit programmable 
reference divider and 18-bit programmable divider, respectively. 

Binary serial data is input to Data pin. 

On rising edge of clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open, 
stored data is transferred into latch depending upon the control bit. 

Control data ”H” data is transferred into 15-bit latch. 

Control data ”L” data is transferred into 18-bit latch. 

PROGRAMMABLE REFERENCE DIVIDER 


Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is 
shown below. 


Control bit 
LSB 


Divide ratio of prescaler setting bit 
MSB 


c 

s 

s 

S 

S 

S 

S 

S 

S 

S 

S 

s 

s 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

W 


Divide ratio of programmable reference counter setting bit 


14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 


Divide 

Ratio 

R 

S 

S 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

s 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 8 is prohibited. 

Divide ratio: 8 to 16383 

SWiThis bit selects divide ratio of prescaler. 

SW=H : 32/33 
SW=L : 64/65 

SI to SI4: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high level). 

Data is input from MSB side. 


PROGRAMMABLE DIVIDER 


Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter. 
Serial 19-bit data format is shown following page. 
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Control bit 
LSB 


MSB 


c 

s 

s 

S 

S 

S 

S 

S 

S 

S 

S 

s 

s 

S 

S 

S 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


L_ Divide ratio of swallow 

' counter 


setting bit 

7-BIT SWALLOW COUNTER DIVIDE RATIO 


Divide ratio of programmable 
counter 
setting bit 


Divide 

Ratio 

A 

S 

7 

5 

6 

s 

5 

s 

4 

s 

3 

s 

2 

s 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

63 

0 

1 

1 

1 

1 

1 

1 


NOTE: Divide ratio: 0 to 63 

S7 should be set to zero 


11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 


Divide 

Ratio 

N 

S 

S 

s 

s 

s 

s 

s 

S 

s 

s 

s 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

» 

• 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 16 is prohibited. 

Divide ratio: 16 to 2047 

SI to S7: Swallow counter divide ratio setting bit. (0 to 63) 

S8 to SI 8: Programmable counter divide ratio setting bit. (16 to 2047) 
C: Control bit (sets as low level). 

Data is input from MSB side. 


PULSE SWALLOW FUNCTION 

fvco= [(PxN)+Al xfosc-s-R 

fvco: Output frequency of external voltage controlled oscillator (VCO) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0<A<63, A<N) 
fosc: Output frequency of the external reference frequency oscillator 
R: Preset divide ratio of binary 14-bit programmable reference counter (8 to16383) 
P: Preset modulus of external dual modulus prescaler (32 or 64) 
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SERIAL DATA INPUT TIMING 


ti - t5>1 )IS 



lSIT _sip] 

[ S9 SI »LSB]( C: control BIT 


I 

14) ( 

1_1 


(S7) (S 

Jl_ 

1 

control BIT) 


1 




i 

■ 

■ 

t,- 


— t2“* 


t3-^ 

t4-* 

n 

9 


NOTES: Parenthesis data is used for setting divide ratio of programmable reference divider. 
On rising edge of clock shifts one bit of data in the shift register. 


PHASE CHARACTERISTICS 


VCO CHARACTERISTICS 


FC pin is provided to change phase characteristics of phase 
comparator. Characteristics of internal charge pump output level (Do), 
phase comparator output level (^R.^P) are reversed depending upon 
FC pin input level. Also, monitor pin (Ut) output level of phase 
comparator is controlled by FC pin input level. The relation between 
outputs (Do, 0R,<2)P) and FC input level are shown below. 




FC=L 

m 


Q 

Q 

Q 

IQI 

Qj 

HQIIIIII 

f,>fp 

D 

B 

B 

(M 

B 

B 

B 

(fp) 

fr<fp 

D 

B 

B 

(t) 

B 

B 

B 

(fp) 

f,=fp 

B 

B 

B 

(t) 

B 

B 

B 

(fp) 



Note: Z=(High impedance) 


Depending upon VCO characteristics, FC pin should be set accordingly: 
When VCO characteristics are like©, FC should be set High or open circuit; 
When VCO characteristics are like©, FC should be set Low. 
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NOTES: Phase difference detection range: -2n to +2n 

Spike appearance depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When f,>fp or f,<fp, spike might not appear depending upon charge pump characteristics. 

ANALOG SWITCH 

ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Do) to be 
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state. 

LE=H (Changing the divide ratio of internal prescaler) ; Analog switch=ON 
LE=L (Normal operating mode) : Analog switch=OFF 


LPF time constant is decreased in order to insert a analog switch between LPF1 and LPF2 when channel of PLL is changing. 
Thus, lock up time is decreased, that is. fast lock up time is achieved. 



RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Vp 

Vcc 

Vp 

8.0 

V 

Input Voltage 

V, 

GND 


Vcc 

V 

Operating Temperature 

Ta 

-40 


85 

‘’C 
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ELECTRICAL CHAI 

RACl 

[ERISTICS 

Parameter 

Symbol 

Condition 

Value 


Min 

Typ 

Max 

Power Supply Current 

Icc 

Note 1 


6.0 


mA 

Operating Frequency 

fin 

fin 

Note 2 

10 


600 

MHz 

OSC,N 

fosc 



12 

20 


Input Sensitivity 

fin 

Vfin 


-4 


6 

dBm 

OSCiN 

Vosc 


0.5 



HOI 

High-level Input Voltage 

Except fin 

V,H 


VccXO.7 



a 

Low-level Input Voltage 

and OSCiN 

ViL 




VccxO.3 

V 

High-level Input Current 

Data 

IlH 



1.0 


pA 

Low-level Input Current 

Clock 

IlL 



-1.0 


pA 

Input Current 

OSCiN 

lose 



±50 


pA 

LE, FC 

IB 



-60 


pA 

High-level Output Current 

Except Do 

1— 

Vcc=5V 

4.4 



V 

Low-level Output Current 

and OSCouT 

VoL 




0.4 

V 

N-channel Open Drain 
Cutoff Current 

Do, 0P 

loFF 

Vp=Vcc to 8V 
VooP=GND to 8V 



1.1 

pA 

Output Current 

Except Do 

loH 


-1.0 



mA 

and OSCouT 

loL 


1.0 



mA 

Analog Switch On Resistor 

Ron 



25 


a 


NOTE 1: fin=600MHz, OSCin=12MHz, Vcc=5V. Inputs are grounded and outputs are open. 

NOTE 2: AC coupling. Minimum operating frequency is measured when a capacitor lOOOpF is connected. 
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MB 1507 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 2.0GHz PRESCALER 

The Fujitsu MB 1507 is a single chip serial input PLL frequency synthesizer designed for BS 
tuner and cellular telephone applications. 

It contains a 2.0 GHz dual modulus prescaler which enables pulse swallow function, and an 
analog switch to speed up lock up time. 

It operates supply voltage of 5.0V typ. and dissipates 18mA typ. of current realized through 
the use of Fujitsu’s unique U-ESBIC Bi-CMOS technology. 

• High operating frequency: fiN max=2.0GHz (Vin MiN=-4dBm) 

• Pulse swallow function: 128/129 or 256/257 

• Low supply current: lcc=18mA typ. 

• Serial input 19-bit programmable divider consisting of: 
o Binary 8-bit swallow counter: 0 to 255 

o Binary 11-bit programmable counter: 16 to 2047 

• Serial input 15-bit programmable reference divider consisting of: 
o Binary 14-bit programmable reference counter: 8 to 16383 

o 1-bit switch counter (SW) sets divide ration of prescaler 

• On-chip analog switch achieves fast lock up time 

• Two types of phase detector output 

o On-chip charge pump (Bipolar type) 
o Output for external charge pump 

• Wide operating temperature: -40°C to +85°C 

• 16-pin Plastic Flat Package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to -t-7.0 

V 

Vp 

Vcc to 10.0 

V 

Output Voltage 

VoUT 

—0.5 to Vcc +0*5 

V 

Open-drain Voltage 

Voop 

-0.5 to 8.0 

V 

Output Current 

loUT 

-hlO 

mA 

Storage Temperature 

Tsto 

-55 to -hi25 



NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 



PIN ASSIGNMENT 

osc,N [T 

O 

le] 0R 

OSCouT [T 


jU 

Vp |T 


in 

Vcc [T 

TOP VIEW 

^ BISW 

Do |T 


12| FC 

GND [T 


TTI LE 

LD [7 


~i7| Data 

fiN |T 


T] Clock 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. How¬ 
ever, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. 


Copyright© 1991 FUJITSU LIMITED 
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MB1507 BLOCK DIAGRAM 


osc, 


OSCo 


■o 


1 16-BIT SHIFT REGISTER I 


JCRYSTAL 

(oscillator! 




V.© 

Vco(^ 

Do0- 


rH 


GNDi 


© 
0 ^ 


"GM 


16-BIT SHIFT REGISTER 


I 
I 
I 

__I 


.ifflioiroi:::; 


15-BIT LATCH | 

15-BIT LATCH 


] 


;;iEQi£nnH:::i 

■ A ftiiAAA Di c: ocrrrcrotTM/^c • 


PROGRAMMABLE REFERENCE 
DIVIDER 


BINARY 14-BIT 
REFERENCE COUNTER 


I 

I f, 


3 


20-BIT SHIFT REGISTER 




20-BIT SHIFT REGISTER I I 


.loimiiGitsi. 


19-BIT LATCH 


8-BIT LAT^ 11-BIT latch] j 


PRESCALER 


_, 

I PROGRAMMABLE DIVIDER i 

-^’ I 


BINARY 8-BIT 

BINARY 11-BIT 

SWALLOW 

PROGRAMMABLE 

COUNTER 

COUNTER 


PHASE 
COMPARATOR 

HT 


MONITOR 

FREQUENCY 

CHANGING 

CIRCUIT 


CHARGE 

PUMP 


CONTROL CIRCUIT 


J-*© 

*© 


ANALOG 

SWITCH 


Bg-*© 

-© 




BISW 




CONTROL 

1-BIT 

LATCH 

■1 


1 

1 


LE 


/Data 


9 j Clock 
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FIND 

ESCRIPTION 

Pin No. 

Pin Name 

i/0 

Description 

1 

2 

OSC,4 

OSCouT 

1 

o 

Oscillator input. 

Oscillator output. 

A crystal is placed between OSCin and OSCout- 

3 

Vp 

- 

Power supply input for charge pump and analog switch. 

4 

Vcc 

- 

Power supply voltage input. 

5 

Do 

o 

Charge pump output. 

The characteristics of charge pump are reversed depending upon FC input. 

6 

GND 

- 

Ground. 

7 

LD 

o 

Phase comparator output. 

Normally the output level Is high level. While the phase difference of fr and fp exists, the output be¬ 
comes low level. 

8 

f.N 

1 

Prescaler input. 

The connection with VCO should be AC connection. 

9 

Clock 

1 

Clock input for 20-bit shift register and 16-bit shift register. 

Each rising edge of the dock shifts one bit of data into shift registers 

10 

Data 

1 

Binary serial data input. 

The last bit of the data is a control bit which specified destination of shift registers. When this bit is 
high level and LE is high level, the data stored in shift register is transferred to 15-bit latch. When 
this bit is low level and LE is high level, the data is transferred to 19-bit latch. 

■ 

LE 

1 

Load enable input (with puli up resistor). 

When LE Is high or open, the data stored in shift register is transferred into latch depending upon 
the control bit. At the time, internal charge pump output to be connected to BISW pin because inter¬ 
nal analog switch becomes ON state. 

■ 

FC 

1 

Phase select input of phase comparator (with pull up resistor). 

When FC is low level, the characteristics of charge pump, phase comparator are reversed. 

FC pin input signal controls foot pin (test pin) output level, i, or fp. 

13 

BISW 

0 

Analog switch output. 

Usually BISW pin is set at high-impedance state. When internal analog switch in ON (LE pin is set 
at high level), this pin ou4>uts internal charge pump output. 

14 

four 

o 

Monitor pin of phase comparator input. 

fout pin outputs programmable reference divider output (L) or programmable divider output (fp) de¬ 
pending upon FC pin input level. 

FC=H: It is the same as f, output level. 

FC=L: It is the same as fp ou^ut level. 

15 

16 

0P 

0R 

o 

o 

Outputs for external charge pump. 

The characteristics are reversed according to FC input. 

0 P pin is N-channel open drain output. 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 


Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15~bit programmable reference divider 
and 19-bit programmable divider, respectively. 

Binary serial data is input to Data pin. 

Each rising edge of the clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or 
open, stored data is transferred into latch depending upon the confol bit 
Control data "H" data is transferred into 15-bit latch. 

Control data ”L” data is transferred into 19-blt latch. 

THE DIVIDE RATIO SETTING 

fvco=[( Mx N)+A]xf osc+R 

fvco- Output frequency of external voltage controlled oscillator (VCO) 

M: Preset modulus of external dual modulus prescaler (128 or 256) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A; Preset divide ratio of binary 8-bit swallow counter (0^<255, A<N) 

fosc: Output frequency of the external reference frequency oscillator 

R: Preset divide ratio of binary 14-bit programmable reference counter (8 to 16383) 

PROGRAMMABLE REFERENCE DIVIDER 


Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is shown below. 


JZ 


Control bit 
LSB 


Divide ratio of prescaler setting bit 
MSB 


c 

s 

s 

S 

S 

S 

S 

S 

S 

S 

S 

S 

s 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

W 


Divide ratio of programmable reference counter setting bit 


14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 


Divide 

Ratio 

R 

S 

14 

S 

13 


s 

11 

s 

10 

s 

9 

s 

8 

s 

7 

s 

6 

s 

5 

s 

4 

S 

3 

s 

2 

s 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 8 is prohibited. 

Divide ratio: 8 to 16383 

SW: This bit selects divide ratio of prescaler. 

SW=H : 128/129 
SW=L : 256/257 

S1 to SI 4: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high level). 

Data is input from MSB side. 
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PROGRAMMABLE DIVIDER 


Programmable divider consists of 20-bit shift register, 19-bit latch, 8-bit swallow counter and 11-bit programmable counter. 
Serial 20-bit data format is shown below. 


Control bit 

LSB MSB 


c 

s 

s 

S 

S 

S 

S 

S 

S 

S 

S 

s 

s 

S 

S 

S 

S 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


Divide ratio of swallow counter Divide ratio of programmable counter 

setting bit I setting bit 



8-BIT SWALLOW COUNTER DIVIDE RATIO 


Divide 

Ratio 

A 

S 

8 

S 

7 

s 

6 

s 

5 

s 

4 

s 

3 

s 

2 

s 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

255 

1 

1 

1 

1 

1 

1 

1 

1 


NOTE: Divide ratio: 0 to 255 


11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 


Divide 

Ratio 

N 

s 

19 

S 

18 

s 

17 

s 

16 

s 

15 

s 

14 

s 

13 

S 

12 

s 

11 

s 

10 

s 

9 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 16 is prohibited. 

Divide ratio; 16 to 2047 

SI to S8: Swallow counter divide ratio setting bit. (0 to 255) 

S9 to SI 9: Programmable counter divide ratio setfing bit. (16 to 2047) 
C: Control bit (sets to low level). 

Data is input from MSB side. 
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SERIAL DATA INPUT TIMING 


ti. ta. ta. t4, t5^1 

^is 


Data S19=MSB ] 

[S18 S1l] 

[sio S1 =LSbX C: control bit 

*(SW) 

Clock ^ 

(S 

J 

514) ( 

[L _1 

1 

(S6) (S 

J1_j 

1) 

LJ 

(C: CONTROL BIT) 

_ 

LE 

1 


1 


■ 







t3-» 

n 



*t2* 

^ U ^ 

ts-^ 


NOTES: The data noted in parenthesis is used for setting divide ratio of programmable reference divider. 
On rising edge of clock, one bit of data shifts into the shift register. 

PHASE CHARACTERISTICS 


FC pin is provided to change phase polarity of phase comparator. Characteris¬ 
tics of internal charge pump output level (Do), phase comparator ou4)ut level 
( 0 R, 0 P)are reversed depending upon FC pin input level. Also, monitor pin (fo„t) 
output level of phase comparator is controlled by FC pin input level. 



FC=H or open 

FC=L 

B 

B 


mQiiiiiii 

B 

B 

B 


fr>fp 

D 

B 

B 

(fr) 

B 

B 

B 

(fp) 

L=fp 

H 

B 

B 

(fr) 

B 

B 

B 

(fp) 

fr<fp 

D 

B 

B 

(fr) 

B 

B 

B 

(fp) 


Note: 2=(High impedance) 


VCO POLARITY 



Depending upon VCO polarity, FC pin should be set accordingly; 
When VCO polarity are like © , FC should be set High or open circuit; 
When VCO polarity are like (g), FC should be set Low. 
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PHASE DETECTOR OUTPUT WAVEFORM (FC=High) 



NOTES: Phase difference detection range; -2k to +2Tt 

Spike appearance depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When fr>fp or fr<fp, spike might not appear depending upon charge pump characteristics. 


ANALOG SWITCH 


ON/OFF of analog switch is controlled by LE input signal. When the analog switdi is ON, internal charge pump output (Do) is connected to BISW pin. 
When the analog switch is OFF, BI-SW pin is set to high-impedance state. 


LE 

Analog Switch 

H(Changing the divide ratio of internal prescaler) 

ON 

L(Normal operating mode) 

OFF 


When an analog switch is inserted between LP1 and LP2, faster lock up time is achieved to reduce LPF time constant during PLL channel switching. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Vp 

Vcc 

- 

8.0 

V 

Input Voltage 

V, 

GND 

- 

Vcc 

V 

Operating Temperature 

Ta 

-40 

- 

85 

°c 


HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover 
workbenches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARAC 


ERISTICS 




Symbol 


Value 

Unit 

PttramfttM' 



Min 

Typ 

Max 

Power Supply Current 

Ice 

Note 1 

- 

18.0 

25.0 

mA 

Operating Frequency 

fm 

fm 

Note 2 

10 

- 

2000 

MHz 

OSCtN 

fosc 

— 

- 

12 

20 

MHz 

Input Sensitivity 

fh, 

v«„ 

son 

-4 

- 

6 

dBm 

OSCiN 

Vosc 

— 

0.5 

- 

- 

Vpp 

High-level Input Voltage 

Except fi„ 

ViH 

— 

VccxO.7 

- 

- 

V 

Low-level Input Voltage 

and OSCiN 

ViL 

— 

- 

- 

VccXO.3 

V 

High-level Input Current 

Data 

I.H 

— 

- 

1.0 

- 

pA 

Low-level Input Current 

Clock 

k 

— 

- 

-1.0 

- 

pA 

Input Current 

OSCiN 

lose 

— 

- 

+50 

- 

pA 

LE. FC 

Ile 

— 

- 

-60 

- 

pA 

High-level Output Current 

Except Do 

VoH 

Vcc=5V 

4.4 

- 

- 

V 

Low-level Output Current 

and OSCouT 

VoL 

- 

- 

0.4 

V 

High Impedance 

Cutoff Current 

Do, 0P 

loFF 

Vp=Vcc to 8V 
VooP=GND to 8V 

- 

- 

1.1 

pA 

Output Current 

Except Do 

loH 

— 

-1.0 

- 

- 

mA 

and OSCouT 

loL 

— 

1.0 

- 

- 

mA 

Analog Switch On Resistance 

Ron 

— 

- 

25 

- 

n 


NOTE 1: fin=2.0GHz, fosc =12MHz X’tal Vcc=5V. Inputs are grounded and outputs are open. 
NOTE 2: AC coupling. Minimum operating frequency is measured with a capacitor lOOOpF. 
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TYPICAL APPLICATION EXAMPLE 



Ci, Ca : Depends on crystal oscillator 
LE,FC ; With pull up resistor 
0 P : Open drain output 
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PACKAGE DIMENSIONS 


16-LEAD PLASTIC FLAT PACKAGE 

(Case No.! FPT-16P-M06) 



3-90 








April 1991 
Edition 2.0 


DATA SHEET 


Fufrsu 


MB 1508 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
ON CHIP 2.5GHz PRESCALER 

The Fujitsu MB1508 on chip 2.5 GHz dual modulus prescaler is a serial input PLL (Phase 
Locked Loop) frequency synthesizer with pulse swallow function. It is well suited for BS tuner, 
CATV system, and TV tuner applications. 

It operates supply voltage of 5.0V typ. and dissipates 16mA typ. of current realized through the 
use of Fujitsu’s unique U-ESBIC Bi-CMOS technology. 


• Power supply voltage: Vcc = 4.5 to 5.5V 

• High operating frequency: fin = 2.5GHz (Vin = -4dBm) 


• 2.5GHz dual modulus prescaler: P = 256/272, 512/528 


• Low power supply current: Ice = 16mA typ. 

• Programmable reference divider consisting of: 

Binary 2-bit programmable reference counter (R = 256, 512, 1024, 2048) 


• Programmable divider consisting of: 

Binary 5-bit swallow counter (A = 0 to 31) 

Binary 12-bit programmable counter (N = 32 to 4095) 

• Wide operating temperature: Ta = -40 to +85°C 

• Plastic 20-pin flat package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to tfie conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit._ 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

Output Voltage 

Vo 

0.5 to Vcc +0.5 

V 

Output Current 

lo 

±10 

mA 

Storage Temperature 

Tstg 

-55 to+125 

■1 


PIN ASSIGNMENT 


Fcd 

1 

20 

□ ld 


2 

19 

1 four 

Datal 

3 

18 

i VcC 2 

Clock 

4 

17 

□ f„ 

Vccid 

5 

TOP 

Zl GND2 

OSCiN 1 

6 

VIEW 

15 


OSCoutI 

7 

14 

Z] BC1 

gndI 

8 

13 

Z] BC2 

Doi 1 

9 

12 

Zl BC3 

Do2 ( 

10 

11 

□ BC4 



Copyright ©1991 by FUJITSU LIMITED 
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MB1508 BLOCK DIAGRAM 


LD four Vcc 2 fin GND2 fin BC1 BC2 BC3 BC4 
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MB1508 


PIN DESCRIPTIONS 



3 
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MB1508 


FUNCTIONAL DESCRIPTIONS 

DIVIDE RATIO SETTING 

Divide ratio can be set using the following equation: 
fvco = {(P X N) + (16 X A)} X fosc + R 

fvco: Output frequency of an external voltage controlled oscillator (VCO) 

P: Preset divide ratio of an internal dual modulus prescaler (256 or 512) 

N: Preset divide ratio of binary 12-bit programmable counter (32 to 4095) 

A: Preset divide ratio of binary 5-bit swallow counter (0 to 31) 
fosc: Reference oscillator frequency 

R: Preset divide ratio of reference counter (256,512,1024,2048) 

SERIAL DATA I NPUT 

Each rising edge of the clock shifts one bit of data into the shift register. 

When the loao enable is high, the data stored in the shift register is transferred to the latch. 

The data format of 24 bits is shown below. 



5-bit swallow counter divide ratio (A1 to A5) 


Divide ratio 

A 

A 

5 

A 

4 

A 

3 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

2 

0 

0 

0 

1 

0 







31 

1 

1 

1 

1 

1 


12-bit programmable counter divide ratio (N1 to N12) 


Divide ratio 

N 

12 

N 

11 

N 

10 

N 

9 

N 

8 

N 

7 

N 

6 

N 

5 

N 

4 

N 

3 

N 

2 

N 

1 

32 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

33 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

34 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 














4095 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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FUNCTIONAL DESCRIPTIONS 


Reference counter divide ratio (R1 to R2) 


Divide ratio 

R 

R 

2 

R 

1 

256 

0 

0 

512 

0 

1 

1024 

1 

0 

2048 

1 

1 


Prescaler divide ratio (SW) 

When divide ratio of prescaler setting bit is high, divide ratio of 256/272 is selected. 
When divide ratio of prescaler setting bit is low, divide ratio of 512/528 is selected. 


Band Switch Setting (BC1 to BC4) 

When band switch setting bit is high, output is ON. 
When band switch setting bit is low, output is OFF. 


SERIAL DATA INPUT TIMING 


tl , t2, t3, t4, t5> IpS 



I I 


Note: Each rising edge of the dock shifts one bit of data into the shift register. 

When LE is high, the data stored in the shift register is transferred into the latch. 
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PHASE DETECTOR CHARACTERISTICS 

FC pin selects the phase of the phase detector. Phase characteristics (charge pump output) can be reversed depending upon the FC pin. 
input level. Monitor pin (tout) output level is selected by the FC pin input level as well. 



FC = H (or open) 

FC = L 

Doi, Oo 2 

fout 

Dot, Do 2 

fout 

fr >fp 

H 

Outputs programmable 
reference divider output 
frequency fr. 

L 

Outputs programmable 
divider output 
frequency fp. 

fr = fp 

Z 

Z 

fr <fp 

L 

H 


Note: 

Z: High-impedance 


VCO POLARITY 

Depending upon the VCO polarity, FC pin should be set ac- 



cordingly. 


V / 

When VCO polarity is like 1, 



FC should be set high or open. 

When VCO polarity is like 2, 

VCO Output 


FC should be set low. 

Frequency 

/X 









VCO Input Voltage-► 



Spike shape depends on the charge pump characteristics. 
The spike is output to diminish the dead band. 
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TEST CIRCUIT (FOR PRESCALER INPUT SENSITIVITY) 



RECOMMENDED OPERATING CONDITIONS 


Parameli^ 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input Voltage 

V, 

GND 

- 

Vcc 

V 

Operating Temperature 

Ta 

-40 


+85 

°c 


HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 


{Parameter 

Symbol 

Condition 


Unit 

Min 

iiiiiii 

Illlillllll 

Power Supply Cuirent 

Icc 

Hotel 

- 

16.0 

- 

mA 

Operating Frequency 

f^ 

fm 

Note2 

10 

- 

2500 

MHz 

OSCiN 

fosc 

- 

- 

4 

10 

input Sensitivity 

fin 

Vfin 

2300 to 2500MHz 

-4 

- 

6 

dBm 

1900 to 2300MHz 

-7 

- 

6 

10 to 1900MHz 

-10 

- 

6 

OSCfN 

Vosc 

- 

0.5 

- 

- 

Vpp 

High-level Input Voltage 

Except fin 
and OSCiN 

ViH 

- 

VccxO. 7+0.4 

- 

- 

V 

Low-level Input Voltage 

ViL 

- 

- 

- 

VccxO.3-0.4 

High-level Input Current 

Data, 

Clock. 

LE 

IlH 

- 

- 

1.0 

- 

pA 

Low-level Input Current 

IlL 

- 

- 

-1.0 

- 

FC 

IlLFC 

- 

- 

-60 

- 

Input Current 

OSCiN 

liosc 

- 

- 

±50 

- 

High-level Output Voltage 

Except Do 

VOH 

Vcc = 5.0V 

4.4 

- 

- 

V 

Low-level Output Voltage 

VoL 

- 

- 

- 

0.4 

High-Impedance Cutoff 
Current 

Doi,Do2 

BC1 to BC4 

loFF 

- 

- 

- 

1.1 

pA 

High-level Output Current 

Except Do 

loH 

- 

-1.0 

- 

- 

mA 

Low-level Output Current 

loL 

- 

1.0 

- 


Withstand Output Voltage 

BC1 to BC4 

Vb 

- 

- 

- 

12 

V 


Note1 : fin=2.5GHz, OSCin=4.0MHz, Vcc=5.0V. Input pins are grounded and output pins are open. 
Note2: AC coupling. Minimum operating frequency is measured with a capacitor lOOOpF. 


MB1508 


MB1508 APPLICATION CIRCUIT 
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PACKAGE DIMENSIONS 



20-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-20P-M01) 





Dimensions in 
inches (millimeters) 
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DATA SHEET 


MB1509 

DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


FujiTSU 


DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 400MHz PRESCALER 

The Fujitsu MB1509 is a 400 MHz dual serial input PLL (Phase Locked Loop) frequencyjizer 
synthesizer designed for cordless telephone application. 

The MB1509 has two PLL circuits on a single chip; one for transmit and the other for reception. 
Separate power supply pins are provided for the transmit and reception PLL circuits. Transmit 
PLL contains a low sensitivity charge pump for ease of modulation and reception PLL contains 
a high sensitivity charge pump for faster lock up time. 

The MB1509 incorporates two 400 MHz dual modulus prescalers to enable implemention of a 
pulse swallow function. 

It operates supply voltage of 3.0V typ. and dissipates 8mA typ. of current realized through the 
use of Fujitsu’s unique U-ESBIC Bi-CMOS technology. 


• High operating frequency: fin = 400MHz 

• Low power supply voltage; Vcc = 2.7 to 5.5V 



PLASTIC PACKAGE 
DIP-20P-M02 



PLASTIC PACKAGE 
FPT-20P-M01 


• Low power supply current; Icc = 8mA typ, (2)3V. 

• Wide operating temperature: Ta = -40 to 85“C 

• Two charge pumps 

Low sensitivity charge pump for transmit 
High sensitivity charge pump for reception 

• Plastic 20-pin dual in line package (Suffix; -P) 

Plastic 20-pin flat package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

Vp 

Vcc to 10.0 

Output Voltage 

VoUT 

—0.5 to Vcc +0.5 

V 

Output Current 

loUT 

±10 

mA 

Storage Temperature 

Tstg 

-55 to +125 

°C 


PIN ASSIGNMENT 

gndI 

1 


20 

Z] Clock 

oscinI 

2 


19 

1 Data 

OSCoutI 

3 


18 


fini 

4 


17 

Z] finz 

Vcci 1 

5 

TOP 

VIEW 

16 

1 VcC 2 


6 

15 

13 fp 

LDrCI 

7 


14 

Z] LD2 

vpiCZ 

8 


13 

1 Vp2 

Dot ' 

9 


12 

1 Do2 

BSi CZ 

10 


11 

Z] BS2 







NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit._ 


Copyright ©1991 by FUJITSU LIMITED 
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MB1509 


BLOCK DESCRIPTIONS 

TRANSMIT/RECEPTION BLOCK 

• 20-bit latch 

• Programmable divider consisting of: 

Binary 7-bit swallow counter (Divide ratio: 0 to 127) 

Binary 11-bit programmable counter (Divide ratio: 16 to 2047) 

• Phase detector with phase polarity change function 

• 400MH2 dual modulus prescaler (Divide ratio: 32/33, 64/65) 

• Charge pump 


COMMON BLOCK 

• 23-bit shift register 

• Programmable divider consisting of: 

Reference counter (Divide ratio: 512, 1024) 

(Divide frequency = 25kHz, 12.5kHz (Crystal oscillator frequency = 12.8MHz) 

• Crystal oscillator 

• fp monitor output selector 

• Latch selector 

• Schmitt circuits 

• Analog switches 
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PIN DESCRIPTIONS 


3 


Pin No- 


pln 


VO 


Descriptions 


GND 


Ground. 


OSCiN 

OSCouT 


I 

O 


Oscillator input pin. 

Oscillator output pin. 

A crystal is connected between OSCin pin and OSCout pin. 


fini 


Prescaler input pin of transmit section. 

The connection with VCO should be AC connection. 


Vcci 


Power supply voltage input pin of transmit section. 

When power is OFF, latched data of transmit section is cancelled. 


Monitor pin for programmable reference divider output. 


LD1 


Lock detect signal output pin of transmit section. 


Condition 

LD pin output level 

Lock 

H 

Unlock 

L 


Vpi 


Power supply voltage input for charge pump and analog switch of transmit section. 


Doi 


Charge pump output pin of transmit section. 

Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 


10 


BS1 


Analog switch output pin of transmit section. 

Usually this pin is high-impedance state. During SW is ON (LE = high), charge pump output is con¬ 
nected to this pin. 


BS2 


Analog switch output pin of reception section. 

Usually this pin is high-impedance state. During SW is ON (LE = high), charge pump output is con¬ 
nected to this pin. 


12 


Do2 


Charge pump output pin of reception section. 

Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 


Vp2 


Power supply voltage input for charge pump and analog switch of reception section. 


LD2 


Lock detect signal output pin of reception section. 


Condition 

LD pin output level 

Lock 

H 

Unlock 

L 


15 fp 


O 


Monitor pin for programmable divider output. 

This pin outputs divided frequency of transmit section or reception section depending upon FP bit 
setting. 


FP bit 

Output 

H 

Transmit section (fpl) 

L 

Reception section (fp2) 
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MB1509 


PIN DESCRIPTIONS (Continued) 


Pin He, 


Pin Haiw 


VO 


Descriptions 


16 


Vcc 2 


Power supply voltage input pin for reception section, programmable reference divider, shift register, 
and crystal oscillator. 

When power is OFF, latched data of reception section and reference counter is cancelled. 


17 


fina 


Prescaler input pin of reception section. 

The connection with VCO should be AC connection. 


18 LE 


19 Data 


Load enable input pin. This pin involves a schmitt trigger circuit. 

When this pin is high, the data stored in the shift register is transferred into the latch depending on a 
control data. 

At this moment, charge pump output signal is output from BS pin since internal analog swith be¬ 
comes ON. 


Serial data input pin of 23-bit shift register. This pin involves a schmitt trigger circuit. 

The stored data in the shift register is transferred to either transmit section or reception section de¬ 
pending upon a control data. 


20 


Clock 


Control bit data 

The destination of data 

H 

Latch of transmit section 

L 

Latch of reception section 


Clock input pin of 23-bit shift register. This pin involves a schmitt trigger circuit. 
Each rising edge of ttie clock shifts one bit of data into the shift register. 


3 


FUNCTIONAL DESCRIPTIONS 

The divide ratio can be calculated using the following equation: 
fvco = {(M X N) + A} X fosc R (A < N) 

fvco: Output frequency of external voltage controlled oscillator (VCO) 

M: Preset divide ratio of dual modulus prescaler (32 or 64) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 
A: Preset divide ratio of binary 7-bit swallow counter (0< A < 127) 
fosc: Reference oscillator frequency 
R: Preset divide ratio of reference counter (512 or 1024) 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data is input using three pins: Data pin, Clock pin, and LE pin. Programmable divider of transmit section and programmable divider of 
reception section are controlled individually. 

Serial data of binary data is input into Data pin. 

Each rising edge of the dock shifts one bit of serial data into the shift register. When load enable signal is high, the data stored in the 9 <ster is 
shift register is transferred to either the latch of the transmit section or the latch of the reception section, depending upon the control bit data setting. 


Control data 

Destination of serial data 

H 

Latch of transmit section 

L 

Latch of reception section 


SHIFT REGISTER CONFIGURATION 

Control bit 




N1 to N11 : Divide ratio of the programmable counter setting bit (16 to 2047) 

A1 to A7 : Divide ratio of the swallow counter setting bit (0 to 127) 

FC : Phase control bit of the phase detector 

PRE : Divide ratio of the prescaler setting bit (32/33 or 64/65) 

FP : Output of the programmable divider control bit (fpl or fp2) 

REF : Divide ratio of the reference counter setting bit (512 to 1024) 

CNT : Control bit 


SERIAL DATA INPUT TIMING 



Each rising edge of the clock shifts one bit of data into the shift register. 


3-106 








MB1509 


BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING 


Divide 

Ratio 

(N) 

N 

11 

N 

10 

N 

9 

N 

8 

B 

N 

6 

N 

5 

B 


N 

2 

N 

1 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 





♦ 








2047 

■■ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Note: Divide ratio less than 16 is prohibited. 
Divide ratio (N) range = 16 to 2047 


BINARY 7-BIT SWALLOW COUNTER DATA SETTING 


Divide 

Ratio 

(A) 

B 

A 

6 

A 

5 

B 

A 

3 

B 

B 

0 

0 

0 

D 

0 

0 

0 

0 

1 

0 

0 

0 

BB 

0 

0 

1 









127 

1 

1 

BB 

1 

1 

1 

1 


Note: Divide ratio (A) range = 0 to 127 


PRE : DIVIDE RATIO (P) OF THE PRESCALER SETTING BIT 
H = 32/33 
L = 64/65 

REF : DIVIDE RATIO (R) OF THE REFERENCE COUNTER SETTING BIT 
H = 512 (fr = 25.0 kHz) 

L= 1024 (fr= 12.5 kHz) 

FP : OUTPUT OF THE PROGRAMMABLE DIVIDER SETTING BIT 

H = fp pin (15 pin) outputs programmable divider output frequency (fpl) of transmit section. 
L = fp pin (15 pin) outputs programmable divider output frequency (fp2) of reception section. 

FC ; PHASE CONTROL BIT OF THE PHASE DETECTOR 
Output of charge pump is selected by FC pin. 



Tl 

O 

II 

X 

FC = L 

fr >fp 

H 

L 

fr = fp 

Z 

Z 

fr < fp 

L 

H 

VCO Polarity 




Note:Z = High-impedance 

Depending upon the VCO polarity, FC bit should be set. 


VCO Output 
Frequency 
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PHASE DETECTOR OUTPUT WAVEFORM 



Note: • Phase difference detection range = -2tc to +2n 

• LD output becomes low when phase difference is tw or more. 

LD output becomes high when phase difference less than tw is reperated 3 times or more. 

(e. g. tw = 625 to 1250 ns, foscin = 12.8 MHz) 

• Spike apperance depends on the charge pump characteristics. The spike is output to diminish the dead band. 

• When fr > fp or fr < fp, spike might not generate depending upon the VCO characteristics. 
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ANALOG SWITCH 

ON/OFF of the analog switch is controlled by the combination of the control data and LE signal. When the analog switch is ON, BS1, BS2 pin 
output the charge pump output (Doi, Doa). When analog switch is OFF. BS pin is set to high impedance. 



Control data = H 

Divide ratio of transmit section is set 

Control data = L 

Divide ratio of reception section is set 

LE = H 

LE = L 

LE = H 

LE = L 

Analog switch of transmit section 

ON 

OFF 

OFF 

OFF 

Analog switch of reception section 

OFF 

OFF 

ON 

OFF 


When an analog switch is inserted between LP1 and LP2, faster lock up time is achieved to reduce LPF time constant during PLL 
channel switching. 


Do 

I 


CHARGE PUMP 


_ 

LPF-1 

’ 


LPF-2 


Vco 











-- 


I BISW 






ANALOG SW 

- 1 



(CONTROL SIGNAL) _ 




1 

1 

1 




RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Note 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

2.7 

3.0 

5.5 

V 

VcCI = VcC2 

Vp 

Vcc 

- 

8.0 

V 


Input Voltage 

VlN 

GND 

- 

Vcc 

V 


Operating Temperature 

Ta 

-40 

- 

+85 

“C 



HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 


3-109 





























MB1509 


ELECTRICAL CHARACTERISTICS 


Parameter 

Symbo) 

Condition 

Value 

Unit 

ilHlilii 

idui 

Max 

Power Supply Current* 

Icci 

Reception section is active. 

- 

m 

- 

mA 

ICC2 

Transmit/reception section 
are active. 

- 

8.0 

12.0 

Operating Frequency** 

fin 

fini 

P = 64/65 

10 

- 

400 

MHz 

fin 2 

P = 32/33 

10 

- 

200 

OSC.N 

fosc 


- 

12.8 

20 

Input Sensitivity 

fin 

Vfin 

Vcc = 2.7 to 4.0V, 50a 

-10 

- 

0 

dBm 

Vcc = 4.0 to 5.5V, soil 

-4 

- 

2 

OSCiN 

Vosc 


0.5 

- 

- 

Vpp 

High-level Input Voltage 

Except fin 
and OSCin 

ViH 


VeexO. 7+0.4 

- 

- 

V 

Low-level Input Voltage 

VlL 


- 

- 

VccxO.3-0.4 

High-level Input Current 

Data, 

Clock 

LE 

IlH 


- 

1.0 

- 

pA 

Low-level Input Current 

IlL 


- 

-1.0 

- 

Input Current 

OSCin 

lose 


- 

±50 

- 

High-level Output Voltage 

Except Do 
and OSCouT 

VoH 

Vcc = 3.0V 

2.2 

- 

- 

V 

Low-level Output Voltage 

VoL 


- 

- 

0.4 

High-impedance Cutoff 
Current 

Do 

loFF 

Vp = Vcc to 8.0V 

- 

■ 

1.1 

pA 

Output Current 

Except Do 
and OSCouT 

mm 


-1.0 

- 

- 

mA 

lot 


1.0 

- 

- 

Doi 

mom 

Vp = 6V 

- 

-1 

- 

loL 

> 

CO 

11 

8 

> 

- 

12 

- 

Do2 

loH 

Vp = 6V 

- 

—3 

- 

loL 

> 

CO 

II 

8 

> 

_ 

6 

- 

Analog Switch ON Resistance 

Ron 


- 

50 

- 

a 


Notes: ♦: fin = 400MHz, OSCin = 12.8MHz, Vcci = Vcca = 3.0V. The remaining input pins are grounded and output pins are open. 
AC coupling. Minimum operating frequency is measured with capacitor lOOOpF. 
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Note: Vpi, Vp 2 :8 V max. 

C1, C2 : depends on the crystal oscillator. 

Clock, Data, LE : involve the schmitt circuit. 

When input pins are open, please insert the pull down/up resistor individually to prevent the oscillation. 
X’tal : 12.8MHz 
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PACKAGE DIMENSIONS 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: D1P-20P-M02) 




©1988 FUJITSU LIMITED D20003S-3C 


15° MAX 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 


20-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-20P-M01) 




"A” 



©1990 FUJITSU LIMITED F20003S-5C 


r Details of "A" part 



Dimdnsions in 
inches (millimeters) 
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April 1991 
Edition 3.0 


DATA SHEET 


Fupsu 


MB1511 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


SERIAL INPUT PLL FREQUENCY 
SYNTHESIZER WITH 1.1 GHz PRESCALER 

The Fujitsu MB1511 is a single chip serial input PLL frequency synthesizer 
designed for VHF tuner and cellular telephone applications. 

It contains a 1.1 GHz dual modulus prescaler which enables pulse swallow 
function, and an analog switch to speed up lock up time. 

It operates supply voltage of 3.0V typ. and dissipates 7mA typ. of current realized 
through the use of Fujitsu’s unique U-ESBIC Bi-CMOS technology. 

The MB1511 is housed in SSOP package, this enables high integration. 

• Low power supply voltage: Vcc=2.7 to 5.5V 

• High operating frequency: f,N max= 1 • 1 GHz (Vin min=- 1 OdBm) 

• Pulse swallow function: 64/65 or 128/129 

• Low supply current: lcc=7mA typ. 

• Serial input 18-bit programmable divider consisting of: 
o Binary 7-bit swallow counter: 0 to 127 

o Binary 11 -bit programmable counter: 16 to 2047 

• Serial input 15-bit programmable reference divider consisting of: 
o Binary 14-bit programmable reference counter: 8 to 16383 

o 1 -bit switch counter (SW) sets divide ratio of prescaler 

• On-chip analog switch achieves fast lock up time 

• 2types of phase detector output 

o On-chip charge pump (Bipolar type) 
o Output for external charge pump 

• Wide operating temperature: -40'’C to +85'’C 

• 20-pin Plastic Shrink Small Outline Package (Suffix: - PFV) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

M3M 

-0.5 to +7.0 

V 

Vp 

Vcc to 10.0 

V 

Output Voltage 

VoUT 

-0.5 to Vcc +0.5 

V 

Open-drain Voltage 

Voop 

-0.5 to 0.8 

V 

Output Current 

loUT 

±10 

mA 

Storage Temperature 

TstG 

-55 to+125 

®C 


NOTE: Permanent device damage may occur if the above Absolute Maxi- 
munfi Ratings are exceeded. Functional operation should be restricted 
to the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 




PLASTIC PACKAGE 
FPT-20P-M03 


PIN ASSIGNMENT 


OSCiN 

NC 

OSCoUT 

Vp 

Vcc 

Do 

GND 

LD 

NC 

f^ 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. How¬ 
ever. it is advised that normal precauttons be taken to 
avoid application of any voltage higher than maximum 
rated voltages to this high imp^nce circuit 


Copyright© 1991 by FUJITSU LIMITED 
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PIN DESCRIPTION 


Pin No. 

Pin Name 

I/O 

Description 

1 

3 

OSCiN 

OSCoUT 

1 

o 

Oscillator input. 

Oscillator output. 

A crystal is placed between OSCin and OSCout. 

4 

Vp 

- 

Power supply input for charge pump and analog switch. 

5 

Vcc 

- 

Power supply voltage input. 

6 

Do 

o 

Charge pump output. 

The characteristics of charge pump is reversed depending upon FC input. 

7 

GND 

- 

Ground. 

8 

LD 

0 

Phase comparator output. 

Normally this pin outputs high level. While the phase difference of fr and fp exists, this 
pin outputs low level. 

10 

f|N 

1 

Prescaler input. 

The connection with an external VCO should be AC connection. 

11 

Clock 

1 

Clock input for 19-bit shift register and 16-bit shift register. 

On rising edge of the clock shifts one bit of data into the shift registers. 

13 

Data 

1 

Binary serial data input. 

The last bit of the data is a control bit which specified destination of shift registers. 

When this bit is high level and LE is high level, the data stored in shift register is trans¬ 
ferred to 15-bit latch. When this bit is low level and LE is high level, the data is trans¬ 
ferred to 18-bit latch. 

14 

LE 

1 

Load enable input (with internal pull up resistor). 

When LE is high or open, the data stored in shift register is transferred into latch de¬ 
pending upon the control bit. At the time, internal charge pump output is connected to 
BISW pin because interna! analog switch becomes ON state. 

15 

FC 

■ 

Phase select input of phase comparator (with internal pull up resistor). 

When FC is low level, the characteristics of charge pump, phase comparator is re¬ 
versed. 

FC input signal controls foot pin (test pin) output level, f, or fp. 

16 

BISW 

o 

Analog switch output. 

Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE 
pin is high level), this pin outputs internal charge pump output. 

17 

four 

o 

Minitor pin of phase comparator input. 

fout pin outputs either programmable reference divider output (f,) or programmable di¬ 
vider output (fp) depending upon FC pin input level. 

FC=H: It is the same as f, output level. 

FC=L: It is the same as fp output level. 

18 

20 

0P 

0R 

o 

o 

Outputs for external charge pump. 

The characteristics are reversed according to FC Input. 

0P pin is N-channel open drain output. 

2,9 

12,19 

NC 

- 

No connection. 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 


Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable 
reference divider and 18-bit programmable divider, respectively. 

Binary serial data is input to Data pin. 

On rising edge of clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open, 
stored data is transferred into latch depending upon the control bit. 

Control data ”H” data is transferred into 15-bit latch. 

Control data "L” data is transferred into 18-bit latch. 

PROGRAMMABLE REFERENCE DIVIDER 


Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is 
shown below. 


£Z 


Control bit 
LSB 


Divide ratio of prescaler setting bit ■ 
MSB 


c 

s 

s 

S 

S 

S 

S 

S 

S 

S 

S 

s 

s 

S 

B 

s 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

B 

w 


Divide ratio of programmable reference counter setting bit 


14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 


Divide 

Ratio 

R 

B 

s 

s 

s 

B 

s 

s 

s 

s 

s 

s 

s 

s 

s 

B 

13 

12 

11 

B 

9 

8 

7 

6 

5 

4 

3 

2 

1 

8 

D 

D 

D 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

9 

D 

D 

D 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

• 

■ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 


16383 

D 

D 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 


NOTES: Divide ratio less than 8 Is prohibited. 

Divide ratio: 8 to 16383 

SW:This bit selects divide ratio of prescaler. 

SW=H -.64/65 
SW=L : 128/129 

SI to SI 4: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high level). 

Data Is input from MSB side. 


PROGRAMMABLE DIVIDER 


Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter. 
Serial 19-bit data format is shown following page. 
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Control bit 
LSB 


MSB 


c 

S 

s 

S 

S 

S 

S 

S 

S 

S 

S 

S 

s 

S 

S 

S 

S 

S 

S 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 


h- 


Divide ratio of swallow 
counter 
setting bit 


7-BIT SWALLOW COUNTER DIVIDE RATIO 


Divide ratio of programmable 
counter 
setting bit 


H 


Divide 

Ratio 

A 

S 

7 

s 

6 

s 

5 

s 

4 

s 

3 

s 

2 

s 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 


NOTE: Divide ratio: 0 to 127 


11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 


Divide 

Ratio 

N 

S 

S 

s 

s 

s 

s 

s 

S 

s 

s 

s 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 16 is prohibited. 

Divide ratio; 16 to 2047 

SI to S7: Swallow counter divide ratio setting bit. (0 to 127) 

S8 to SI 8; Programmable counter divide ratio setting bit. (16 to 2047) 
C; Control bit (sets as low level). 

Data is input from MSB side. 


PULSE SWALLOW FUNCTION 

The divide ratio is set using the following equation, 
fvco* [MxN)+A]xfosc+R 

fvco: Output frequency of external voltage controlled oscillator (VCO) 

M: Preset modulus of external dual modulus prescaler (64 or 128) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0<A<127, A<N) 

W: Output frequency of the external reference frequency oscillator 

R: Preset divide ratio of binary 14-bit programmable reference counter (8 to16383) 
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SERIAL DATA INPUT TIMING 


tl.tz, ta. t4,t5^1^lS 



[S17 SI 0 I 

[ S9 SI =LSBX C: control BIT 

Clock |] 

J 

14) ( 

1_ : 


(S7) (S 

Jl_ 

Lj 

(C: CONTROL BIT) 

LE 

1 




■ 



ti-* 


t2-» 




ts”^ 



NOTES: Parenthesis data is used for setting divide ratio of programmable reference divider. 
On rising edge of clock shifts one bit of data in the shift register. 

PHASE CHARACTERISTICS 


FC pin is provided to change phase characteristics of phase 
comparator. Characteristics of internal charge pump output level (Do), 
phase comparator output level (aR.^P) are reversed depending upon 
FC pin input level. Also, monitor pin (fout) output level of phase 
comparator is controlled by FC pin input level. The relation between 
outputs (Do, eiR, 0P) and FC input level are shown below. 



FC=H or open 

FC=L 

Do 

0R 

0P 

fout 

Do 

<sR 

aP 

fout 

f,>fp 

D 

B 

B 

(fr) 

B 

B 

B 

(fp) 

fr<fp 

D 

B 

B 

(fr) 

B 

B 

B 

(fp) 

f,=fp 

B 

B 

B 

(fr) 

B 

B 

B 

(fp) 


VCO CHARACTERISTICS 



Note: Z=(High impedance) 


Depending upon VCO characteristics, FC pin should be set accordingly: 
When VCO characteristics are like©, FC should be set High or open circuit; 
When VCO characteristics are like©, FC should be set Low. 
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ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Do) is 
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state. 


LE 

Analog Switch 

H (Changing the divide ratio of informal prescaler) 

ON 

L (Normal operating mode) 

OFF 


When an analog switch is inserted between LP1 and LP2, faster lock up times is achieved to reduce LPF time constant during PLL channel switching. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

2.7 

3.0 

5.5 

V 

Vp 

Vcc 

_ 

8.0 

V 

Input Voltage 

V, 

GND 

— 

Vcc 

V 

Operating Temperature 

Ta 

-40 

— 

85 

®C 


HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This Is static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly 
grounded. Cover workbenches with grounded conductive mats. 

• Always turn the power supply off befer inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handing or transporting PC boards with devices. 
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ELECTRICAL CHAI 

RAC1 

[ERISTICS 

Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

Icc 

Note 1 


7.0 


mA 

Operating Frequency 

fin 

fin 

Note 2 

10 


1100 

MHz 

osc,„ 

fosc 



12 

20 

MHz 

Input Sensitivity 

fini 

Vf,n, 

Vcc=4.0 to 5.5V 

-4 


6 

dBm 

fin? 

Vfin, 

Vcc=2.7 to 4.0V 

-10 


6 

osc,„ 

Vosc 


0.5 



Vpp 

High-level Input Voltage 

Except fin 
and OSC||si 

V,H 


VccXO.7 



V 

Low-level Input Voltage 

v„ 




VccXO.3 

V 

High-level Input Current 

Data 

Clock 

I.H 



1.0 


pA 

Low-level Input Current 

lit 



-1.0 


pA 

Input Current 

osc,„ 

lose 



±50 


pA 

LE. FC 

Ile 



-60 


pA 

High-level Output Current 

Except Do 
and OSCouT 

VoH 

Vcc=3V 

2.2 



V 

Low-level Output Current 

VoL 




0.4 

V 

N-channel Open Drain 
Cutoff Current 

Do, 0P 

loFF 

Vcc<Vp<8V 



1.1 

pA 

Output Current 

Except Do 
and OSCouT 

loH 


-1.0 



mA 

loL 


1.0 



mA 

Analog Switch On Resistance 

Ron 



50 


Q 


NOTE 1; fin=1.1GHz, OSCin=12MHz, Vcc=3V. Inputs are grounded and outputs are open. 
NOTE 2: AC coupling. Minimum operating frequency is measured when a capacitor lOOOpF. 
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TYPICAL APPLICATION EXAMPLE 
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PACKAGE DIMENSIONS 


20-LEAD PLASTIC FLAT PACKAGE 
(Case No.: FPT-20P-M03) 
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July 1990 
Edition 1.0 


DATA SHEET 


FUJITSU 


MB1512 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


LOW POWER SERIAL INPUT PLL SYNTHESIZER 
WITH 1.1GHz PRESCALER 

The Fujitsu MB1512, utilizing BI-CMOS technology, is a single chip serial Input 
PLL synthesizer with pulse-swallow function. 

The MB1512 contains a 1.1 GH^ two modulus prescaler that can select of either 
64/65 or 128/129 divide ratio, control signal generator, 16-bit shift register, 15-bit 
latch, programmable reference divider (binary 14-bit programmable reference 
counter), 1-bit switch counter, phase comparator with phase conversion function, 
charge pump, crystal oscillator, 19-bit shift register, 18-blt latch, programmable 
divider (binary 7-bit swallow counter and binary 11 -bit programmable counter) and 
analog switch to speed up lock up time. 

It operates supply voltage of 5V typ. and achieves very low supply current of 8mA 
typ. realized through the use of Fujitsu Advanced Process Technology. 



• High operating frequency; f,N max=1 • 1(V,n min=- 1 OdBm) 

• Pulse swallow function; 64/65 or 128/129 

• Power supply voltage; Vcc=4.5 to 5.5V 

• Low supply current; lcc=8mA typ. 

• Serial input 18-bit programmable divider consisting of; 
o Binary 7-bit swallow counter; 0 to 127 

o Binary 11-blt programmable counter; 16 to 2047 

• Serial Input 15-blt programmable reference divider consisting of; 
o Binary 14-bit programmable reference counter; 8 to 16383 

o 1-bit switch counter (SW) sets divide ratio of prescaler 

• On-chip analog switch achieves fast lock up time 

• 2types of phase detector output 

o On-chip charge pump (Bipolar type) 
o Output for external charge pump 

• Wide operating temperature; -40°C to +85®C 

• 20-pin Plastic Shrink Small Outline Package 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to + 7.0 

V 

Vp 

Vcc to 10.0 

V 

Output Voltage 

VquT 

-0.5 to Vcc +0-5 

V 

Open-drain Voltage 

VooP 

-0.5 to 0.8 

V 

Output Current 

Iqut 

±10 

mA 

Storage Temperature 

7 stG 

-55 to- fI 25 



NOTE: Permanent device damage may occur if the above Absolute Maxi¬ 
mum Ratings are exceeded. Functional operation should be restricted 
to the conditions as detailed In the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


PLASTIC PACKAGE 
FPT-20P-M03 


PIN ASSIGNMENT 


osc„ 

NO 

GSCqut 

Vp 

Vcc 

Do 

GND 

LD 

NO 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. How¬ 
ever, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit. 


Copyright© f990 by FUJITSU LIMITED 
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PIN DESCRIPTION 


Pin No. 

Pin Name 

I/O 

Description 

1 

3 

osc« 

OSCouT 

i 

o 

Oscillator input. 

Oscillator output. 

A crystal is placed between OSC,m and OSCqut. 

4 

Vp 


Power supply Input for charge pump and analog switch. 

5 

Vcc 

- 

Power supply voltage input. 

6 

Do 

o 

Charge pump output. 

The characteristics of charge pump is reversed depending upon FC input. 

7 

GND 

- 

Ground. 

8 

LD 

o 

Phase comparator output. 

Normally this pin outputs high level. While the phase difference of f, and fp exists, this 
pin outputs low level. 

9 

NC 

- 

No connection. 

10 

f.N 

1 

Prescaler input. 

The connection with an external VCO should be AC connection. 

11 

Clock 

1 

Clock Input for 19-blt shift register and 16-bit shift register. 

On rising edge of the clock shifts one bit of data into the shift registers. 

12 

NC 

- 

No connection. 

13 

Data 

1 

Binary serial data input. 

The last bit of the data is a control bit which specified destination of shift registers. 

When this bit is high level and LE is high level, the data stored in shift register Is trans¬ 
ferred to 15-bit latch. When this bit is low level and LE is high level, the data is trans¬ 
ferred to 18-bit latch. 

14 

LE 

1 

Load enable input (with internal pull up resistor). 

When LE is high or open, the data stored in shift register is transferred into latch de¬ 
pending upon the control bit. At the time, internal charge pump output to be connected 
to BISW pin because internal analog switch becomes ON state. 

15 

FC 

■ 

Phse select input of phase comparator (with internal pull up resistor). 

When FC is low level, the characteristics of charge pump, phase comparator is re¬ 
versed. 

FC input signal is also used to control pin (test pin) output level, f, or fp. 

16 

BISW 

o 

Analog switch output. 

Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE 
pin is high level), this pin outputs internal charge pump state. 

17 

^OUT 

0 

Minitor pin of phase comparator input. 

fou, pin outputs either programmable reference divider output (f,) or programmable di¬ 
vider output (fp) depending upon FC pin input level. 

FC=H: It is the same as f, output level. 

FC=L; It is the same as fp output level. 

18 

20 

0P 

0R 

0 

o 

Outputs for external charge pump. 

The characteristics are reversed according to FC Input. 

0P pin Is N-channel open drain output. 

2 

19 

NC 

_ 

No connection. 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable 
reference divider and 18-bit programmable divider, respectively. 

Binary serial data is input to Data pin. 

On rising edge of clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open, 
stored data is transferred into latch depending upon the control bit. 

Control data ”H” data is transferred into IS-bit latch. 

Control data ”L" data is transferred into 18-bit latch. 


PROGRAMMABLE REFERENCE DIVIDER 


Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is 
shown below. 




Control bit 
LSB 


Divide ratio of prescaler setting bit 
MSB 


c 

s 

s 

s 

S 

S 

S 

S 

S 

S 

B 

s 

s 

S 

B 

s 


1 

2 

3 

4 

5 

6 

7 

8 

9 

B 

11 

12 

13 

B 

w 


Divide ratio of programmable reference counter setting bit 


14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 


Divide 

Ratio 

R 

S 

14 

s 

13 

S 

12 

s 

11 

s 

10 

s 

9 

s 

8 

s 

7 

s 

6 

s 

5 

s 

4 

s 

3 

s 

2 

s 

1 

8 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

B 

D 

B 

B 

9 

D 

a 

D 

D 

D 

D 

D 

D 

D 

D 

D 

B 

B 

B 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 8 is prohibited. 

Divide ratio: 8 to 16383 

SW:This bit selects divide ratio of prescaler. 

SW«H : 64/65 
SW=:L : 128/129 

SI to SI 4: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high level). 

Data is input from MSB side. 


PROGRAMMABLE DIVIDER 


Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter. 
Serial 19-blt data format is shown following page. 
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7-BIT SWALLOW COUNTER DIVIDE RATIO 


Divide 

Ratio 

S 

S 

s 

s 

s 

s 

s 

A 

7 

6 

5 

4 

3 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

127 

1 

1 

1 

1 

1 

1 

1 


NOTE: Divide ratio: 0 to 127 


11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 


Divide 

Ratio 

N 

S 

S 

s 

s 

s 

s 

s 

S 

s 

s 

s 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

17 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


NOTES: Divide ratio less than 16 is prohibited. 

Divide ratio: 16 to 2047 

SI to S7: Swallow counter divide ratio setting bit. (0 to 127) 

S8 to SI 8: Programmable counter divide ratio setting bit. (16 to 2047) 
C: Control bit (sets as low level). 

Data is input from MSB side. 


PULSE SWALLOW FUNCTION 

fvco»[(PxN)+A]xfosc+R 

fvco- Output frequency of external voltage controlled oscillator (VCO) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0<A<127, A<N) 
lose- Output frequency of the external reference frequency oscillator 
R: Preset divide ratio of binary 14-bit programmable reference counter (8 to16383) 
P: Preset modulus of external dual modulus prescaler (64 or 128) 
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SERIAL DATA INPUT TIMING 


t, -t 5 > 1 |lS 


Data S18=MSB| 

[S17 SIO] 

[ S9 S1 -LSBX C; control BIT 

*(SW) 

Clock ^ 

(S 

J 

>14) ( 

[L_I 


(S7) (S 

Jl_f 

a 

): CONTROL BIT) 

LE 

1 




i 

■ 

H 

t,— 





-t.- 

n 

S 


NOTES: Parenthesis data is used for setting divide ratio of proorammable reference divider. 
On rising edge of clock shifts one bit of data in the shin register. 

PHASE CHARACTERISTICS 


FC pin is provided to change phase characteristics of phase 
comparator. Characteristics of internal charge pump output level (Dq), 
phase comparator output level ( 0 R, 0 P) are reversed depending upon 
FC pin input level. Also, monitor pin (f^^J output level of phase 
comparator is controlled by FC pin input level. The relation between 
outputs (Do, 0 R, 0 P) and FC input level are shown below. 



FC=H or open 

FC=L 


B 

B 

B 

Q 

B 

Q 

B 

Q| 


D 

B 

B 

(t) 

B 

B 

B 

(y 

f.<fp 

B 

B 

B 

(f.) 

B 

B 

B 

(U 

Wp 

B 

B 

B 

(U 

B 

B 

B 

{‘p) 


VCO CHARACTERISTICS 



Note: Z=(High impedance) 


Depending upon VCO characteristics, FC pin should be set accordingly: 
When VCO characteristics are likeQ, FC should be set High or open circuit; 
When VCO characteristics are like@, FC should be set Low. 
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NOTES: Phase difference detection range: -2n to +2k 

Spike appearance depends on charge pump characteristics. Also, the spike is output in orderto diminish dead band. 
When f,>fp or f,<fp, spike might not appear depending upon charge pump characteristics. 


ANALOG SWITCH 

ON/OFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Dq) to be 
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state. 

LE=H (Changing the divide ratio of internal prescaler) : Analog switch=ON 
LE=L (Normal operating mode) : Analog switch=OFF 

LPF time constant is decreased in order to insert a analog switch between LPFI and LPF2 when channel of PLL is changing. 

Thus, lock up time is decreased, that is, fast lock up time is achieved. 



RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Vp 

Vcc 

Vp 

8.0 

V 

Input Voltage 

V, 

GND 


Vcc 

V 

Operating Temperature 

T. 

-40 


85 
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ELECTRICAL CHAI 

RAC1 

[ERISTICS 

Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

Ice 

Note 1 


8.0 


mA 

Operating Frequency 


fm 

Note 2 

10 


1100 

MHz 

OSC,K 

fosc 



12 

20 

MHz 

Input Sensitivity 

fin 

Vf. 


-10 


6 

dBm 

osc,„ 

VqsC 


0.5 




High-level Input Voltage 

Except fip 
and OSC,N 

V.H 


VocXO.7 



a 

Low-level Input Voltage 

V,L 




VccXO.3 

mm 

High-level Input Current 

Data 

Clock 

nn 



1.0 


\lA 

Low-level Input Current 

n 



-1.0 


pA 

Input Current 

osc,„ 

lose 



±50 



LE, FC 

luE 



-60 


pA 

High-level Output Current 

Except Do 
and OSCouT 

VoH 

Vcc=5V 

4.4 



V 

Low-level Output Current 

VqL 




0.4 

V 

N-channel Open Drain 
Cutoff Current 

Do. 0P 


Voc<Vp<8V 



1.1 

pA 

Output Current 

Except Do 
and OSCouT 

loH 


-1.0 



mA 

lou 


1.0 



mA 

Analog Switch On Resistor 

I^ON 

i 


25 




NOTE 1: L-1.1GHZ, OSCn,=12MHz, Vqc* 5V. Inputs are grounded and outputs are open. 

NOTE 2: AC coupling. Minimum operating frequency is measured when a capacitor lOOOpF is connected. 
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TEST CIRCUIT 








MB1512 


TYPICAL APPLICATION EXAMPLE 
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PACKAGE DIMENSIONS 


20-LEAD PLASTIC FLAT PACKAGE 

(Case No. : FPT-20P-M03) 
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MB1513 

Serial Input PLL Frequency Synthesizer 



The Fujitsu MB1513 is a serial input phase-locked loop (PLL)frequency synthesizer 
with a pulse-swallow function. A stand-by mode is provided to limit power 
consumption during intermittent operation. 

The MB1513 is configured with a 1.1 GHz dual-modulus prescaler with a 128/129 
divide ratio, control signal generator, 16-bit shift register, 15-bit latch, program¬ 
mable reference divider (binary 14-bit programmable reference counter), 1-bit 
switch counter, phase comparator with phase conversion function, charge pump, 
crystal oscillator, 19-bit shift register, 18-bit latch, programmable divider (binary 
7-bit swallow counter and binary 11-bit programmable counter), analog switches, 
and intermittent operation control circuit that selects the operating or stand-by mode 
depending on the power-save control input state (PS). 

The MB1513 operates from a single +5 V supply. Fujitsu’s advanced technology 
achieves an Icc of 8 mA, typical. The stand-by mode current consumption is just 
100 pA. 

• High operating frequency: f|N = 1.1 GHz (Vin = -10 dBm) 

• Pulse-swallow function: high-speed dual-modulus prescaler with 128/129 

divide ratio 

• Low supply current: Icc = 8 mA typ. at 5 V 

• Power-saving stand-by mode: 100 pA typ. 

• Serial input, 18-bit programmable divider consisting of: 

Binary 7-bit swallow counter: 0 to 127 

Binary 11 -bit programmable counter: 16 to 2,047 

• Serial input, 15-bit programmable reference divider consisting of binary 14-bit 
programmable reference counter: 8 to 16,383 1-bit switch counter sets 
prescaler divide ratio 

• On-chip analog switch for fast lock-up 

• On-chip charge pump minimizes system component count 

• Wide operating temperature range: -40 to +85 ®C 

• Plastic 20-pin shrink small outline package (Suffix: PFV) 

ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Vp 

Vcc ^Vp< 10.0 

V 

Output Voltage 

H2BIIIIII 

—0.5 to Vcc +0-5 

V 

Output Current 

•out 

±10 

mA 

Storage Temperature 

Tstg 

-55 to+125 



Note: Permanent device damage may occur if absolute maximum ratings are ex¬ 
ceeded. Functional operation should be restricted to the conditions as de¬ 
tailed in the operation sections of this data sheet. Exposure to absolute maxi¬ 
mum rating conditions for extended periods may affect device reliability. 



© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics. Inc. 
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BLOCK DIAGRAM 
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Oscillator 
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Vp © 
VccQ 


PS1 


Do ©* 
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pump 


From 

GND ^ phase 

comparator 


LD 0^Lock detec-| 
tion circuit 


SW 


flN («> 


PS1 


Pre¬ 

scaler 

output 


Prescaler 


j 16-bit shift register j 
-j- ^ 16-bit shift register"] j 

Jaro^rrazt; 

I 15-bit latch | 
15-bit latch “] j 

[iirairairtj 

I Programmable | 

I 


reference divider 


-U 

Binary 14-bit 


jj 

reference counter 

i?i 
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operation 
Icontrol circuit! 


PS1 


19-bit shift register 
19-bit shift register 


18-bit latch 


_ I 

7-bit latch | 111-bit latch] j 
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Programmable divider | 

Ll 


I 


PS1 


MC 


I 
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programma¬ 
ble counter 


_i_-l-J 


Control circuit 


To lock detector 


PS1 


Phase 

comparator 


Phase char¬ 
acteristics 
changing cir¬ 
cuit_ 


H Charge *—• C'Vcf' 
pump r |—• 


0 PS 


rHjp fR 
—fp 


From phase 
comparator 


•© BiSW 


L-© FC 


Schmitt 

trigger 


0 LE 


I 

1 1 


1-bit 

control 


Schmitt 

]| 



trigger 

zt 


latch 




1 

Schmitt 

trigger 



MD Clock 
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PIN DESCRIPTION 


IfflRfHI 

Ph name 

i/0 

Description 

■ 

osc,„ 

■ 

Programmable reference divider input 

Oscillator input 

An external crystal is connected to this pin 

2 

NC 

- 

No connection 

3 

OSCqut 

o 

Oscillator output 

An external crystal is connected to this pin 

4 

Vp 

- 

Power supply input for charge pump and analog switch 

5 

Vcc 

- 

Power supply 

6 

Do 

o 

Charge pump output 

The phase of charge pump is reversed depending on FC input 

7 

GND 

- 

Ground 

8 

LD 

o 

Phase comparator output 

The output level is high when LD is locked. The output level is low when LD is unlocked 

9 

NC 

- 

No connection 

10 

f.N 

■ 

Prescaler input 

An external VCO should be AC-coupled to this pin 

11 

Clock 

■ 

Clock input for 19-bit and 16-bit shift registers 

One bit of data is shifted into the registers on the rising edge of the clock 

Schmitt trigger circuit is involved 

12 

NC 


No connection 

13 

Data 

1 

Binary serial data input 

The last bit of the data Is a control bit 

When the control bit is high, data is transmitted to the 15-bit latch 

When the control bit is low, data is transmitted to the 18-bit latch 

Schmitt trigger circuit is Involved 

14 

LE 

1 

Load enable signal Input 

When LE is high, the contents of the shift register are transferred to a latch, depending on the 
control bit In the serial data. At the same time, an internal analog switch turns on and the 
output of the internal charge pump is connected to the BiSW pin 

Schmitt trigger circuit is involved 

15 

FC 

■ 

Phase select input of phase comparator (with internal pull-up resistor) 

When FC is low, the characteristics of charge pump and phase comparator are reversed 

FC input signal is also used to control the foot pin (test pin) of fp or fp 

16 

BiSW 

o 

Analog switch output 

Usually, BiSW is in the high-impedance state. When the switch is on (LE is high), the charge 
pump is connected to the BiSW pin 

17 


o 

Programmable counter output monitor pin 

18 

fp 

o 

Reference counter output monitor pin 

19 

NC 

- 

No connection 

20 

PS 

1 

Power save signal input 

Set low when the system is operating (Never use pin 20 as it is opened) 

PS = High : Operation mode 

PS = Low : Stand-by mode 
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FUNCTION DESCRIPTIONS 


Pulse swallow function 

The divide ratio can be calculated using the following equation: 

fvco = [(MxN) + A]xfosc + R (A<N) 

fvco • Output frequency of external voltage controlled oscillator (VCO) 

N ; Preset divide ratio of binary 11-bit programmable counter (16 to 2,047) 

A : Preset divide ratio of binary 7-bit swallow counter (0 ^ A < 127) 

fosc • Output frequency of the reference frequency oscillator 

R : Preset divide ratio of binary 14-bit programmable reference counter (8 to 16,383) 

M : Preset divide ratio of prescaler (128) 

Serial data input 

Serial data is input using the Data, Clock, and LE pins. Serial data controls the 15-bit programmable reference divider and 18-bit 

programmable divider separately. 

Binary serial data is input to the Data pin. 

One bit of data is shifted into the internal shift registers on the rising edge of the clock. When the bad enable pin is high or open, 

stored data is latched, depending on the control as follows: 


Control data 

Destination of serial data 

H 

15 bit latch 

L 

18 bit latch 


(a) Programmable reference divider ratio 

The programmable reference divider consists of a 15-bit latch and a 14-bit reference counter. The 16-bit serial data format is 
shown below: 


Direction of data shift 


Control bit 
LSB 


Divbe ratb setting bit for prescaler 


MSB 



S 

S 

S 

S 

S 

S 

S 

S 

S 

H 

S 

S 

S 

H 


C 

1 

2 

3 

4 

5 

6 

7 

8 

9 

19 

11 

12 

13 

Q 

SW 


Divide ratio setting bit for programmable reference counter 
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• 14-bit programmable reference counter divide ratio 


Divide ratio 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

s 

$ 

$ 

s 

a 

n 

14 

13 

13 

11 

10 

9 

a 

7 

a 

5 

4 

3 

2 

1 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

16383 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


(Divide ratio = 8 to 16,383) 


Notes: 


1. Divide ratios less than 8 are prohibited. 

2. SW: This bit selects the divide ratio of the prescaler 
SWLow: 128 or 129 

(SW must be always be low.) 

3. SI to SI4: These bits select the divide ratio of the programmable reference counter (8 to 16,383). 

4. C: Control bit: Set high. 

5. Input data MSB first. 


(b) Programmable divider divide ratio 

The programmable divider consists of a 19-bit shift register, an 18-bit latch, a 7-bit swallow counter, and an 11-bit 
programmable counter. The 19-bit serial data format is shown below: 


Direction of data shift 
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• 7-bit swallow counter divide ratio 


11-bit programmable counter divide ratio 


Dfvkl^ 

ratio 

N 

S 

18 

17 

$ 

18 

$ 

15 

1 

ill 

lili 

$ 

12 


1 

III 

8 

s 

8 

16 

D 

D 

D 

D 

D 

D 

D 

1 

D 

D 

B 

17 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

B 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

3 

2047 

D 

D 

D 

D 

D 

D 

n 

D 

B 

B 

B 


Divide 

ratio 

A 

$ 

7 

$ 

8 

III 

III 

$ 

4 

in 

s 

2 

I 

0 

B 

B 

B 

B 

B 

B 

B 

1 

B 

B 

B 

B 

B 

B 

B 

• 

B 

B 

B 

B 

B 

B 

B 

127 

B 

B 

B 

B 

B 

B 

B 


(Divide ratio = 0 to 127) (Divide ratio = 16 to 2,047) 


Notes: 


1. Divide ratios less than 16 are prohibited for 11-bit programmable counter. 

2. SI to S7: These bits select the divide ratio of swallow counter (0 to 127). 

3. S8 to SI 8: These bits select the divide ratio of programmable counter (16 to 2,047). 

4. C: Control bit: (Set low) 

5. Input data MSB first. 


Serial data input timing 

• t, (> Ips): Data setup time tj (> 1 ps): Data hold time tg (> Ips): Clock pulse width 

t 4 (> 1|xs): LE setup time to the rising edge of last clock % (> Ips): LE pulse width 


Data S18=\^ 

MSB / 

^ S17 SIO^ 

/ S9 S1 = > 

\_LS^ 

^ C: Control bit 

(SW) (*i); 

(S14) (S8) 


(C: Control bit) 

Clock 1 

J] _TL 

JL..JL 

n 

LE ■ 



1 ^ 




1 1 1 

1 



» » • t4 

ts 


*1 : Bits enclosed in parentheses are used when the divide ratio of the programmable reference divider is selected. 
Note: One bit of data is shifted into the shift register on the rising edge of the clock. 
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Intermittent operation 

Intermittent operation limits power consumption by shutting down or starting the internal circuits according to its necessity. If device 
operation resumes uncontrolled, the error signal output from the phase comparator may exceed the limit due to an undefined phase 
relationship between the reference frequency (fj and the comparison frequency (fp) and frequency lock is lost. 

To prevent this, an intermittent operation control circuit is provided to decrease the variation in the locking frequency by forcibly 
correcting phase of both frequencies to limit the error signal output. This is done by the PS control circuit. If PS is set high, the circuit 
enters the operating mode. If PS is set low, operation stops and the device enters the stand-by mode. Each mode is explained below: 

• Operating mode (PS « High) 

All circuits are operating, and PLL operation is normal. 

• Stand-by mode (PS = Low) 

Circuits that do not affect operation are powered-down to save power. 

The current in the power save state is typically 100 pA. 

At this time, the levels of Dq and LD are the same as when the PLL is locked. 

Since Dq is placed in the high-impedance state and the input voltage of the voltage-controlled oscillator (VCO) is set to the 
voltage In the operating mode (when locked) by the time constant of the low-pass filter, the frequency output from the VCO (fvco) 
is kept at the locking frequency. 

The operating and stand-by modes alternate repeatedly. This intermittent operation limits the error signal by forcibly correcting the 
phase of the reference and comparison frequencies to limit power consumption. 

The device must be set in the stand-by mode (PS = low) when it is powered up. 


Relationship between FC input and phase characteristics 

The FC pin controls the phase characteristics of the phase comparator. The internal charge pump output level (Dq) is reversed 
depending on the FC pin input level. The relationship between the FC input level and Dq is shown below: 



FC s: High or open 

FC a Low 

Ir ^ ip 

H 

L 

ifi < ip 

L 

H 

iR = ip 

Z(*1) 

Z(*1) 


*1: High impedance 

When designing a synthesizer, the FC pin setting depends on the VCO characteristics. 


*: When the VCO characteristics are similar to 
0, set FC high or open. 

*: When the VCO characteristics are sim ilar to 
@, set FC low. 


VCO 

output 

frequency 



VCO input voltage - 
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Phase comparator output waveform (FC = High) 


r 

r 


r 



ff, — fp fp > fp fp - fp fp < fp fp = fp fp - fp fp = fp 


Notes: 1. Phase difference detection range: ~2it to +2n 

2. Spike appearance depends on the charge pump characteristics. The spike is output to diminish dead 
band. 

3. When fp > fp or fp < fp, spike might not appear, depending on the charge pump characteristics. 

4. LD is low when the phase difference is two or more. LD is high when the phase difference is two or less 
for three or more continuous cycles (when foscw = 12.8 MHz, tw = 625 to 1,250 ns). 


Analog switch 

The LE signal turns the analog switch on or off. When the analog switch Is turned on, the charge pump output (Dq) is output through 
the BiSW pin. When it is turned off, the BiSW pin is in the high-impedance state. 

When LE = high (when the divide ratio of the Internal divider Is changed): Analog switch = on 
When LE = low (normal operating mode): Analog switch = off 

The LPF time constant can be decreased by inserting an analog switch between LPF1 and LPF2. This decreases the lock-uptime 
when the PLL channel is changed. 
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RECOMMENDED OPERATING CONDITIONS 



Notes: To protect against damage by electrostatic discharge, note the following handling precautions; 

- Store and transport devices in conductive containers. 

- Use properly grounded workstations, tools, and equipment. 

- Turn off power before inserting or removing this device from a socket. 

- When handling PC boards on which devices are mounted, protect leads of the device using conductive sheet. 
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ELECTRICAL CHARACTERISTICS 


PmmtAm 

Symbol 


Value 

If 

Max 

Unit 

Conditions 

Supply current 

■ 

- 

8.0 


mA 

With f,N = 1.1 GHz, OSC,N=: 
12MHz,Vcc = 5.0V. Inputs 
are at Voc and outputs are 
open 

Stand-by current 

IPS 

- 

100 

- 

pA 

With f,N=1.1GHz, OSC,N = 
12 MHz. Voc = 5.0 V. The 
PS pin is grounded, remain¬ 
ing inputs are at Voc, and 
outputs are open 

Operating frequency 

f,N 

H 

10 

- 

1100 

MHz 

AC coupling. The minimum 
operating frequency is 
measured with a 100-pF 
capacitor connected 

osc,„ 

fosc 

- 

12 

20 

MHz 


input sensitivity 

f.N 

Vmn 

-10 

- 

6 

dBm 


OSC,N 

Vosc 

0.5 

- 

- 

Vf>-P 


High-level input voltage 

Except f IN ^nd 
OSC|N 

V,„ 

VccXO.7 

- 

- 

V 


Low-level input voltage 

V„ 

- 

- 

VccXO.3 

V 


High-level input current 


I.H 

- 

1.0 

- 

pA 


Low-level input current 


I.L 

- 

-1.0 

- 

pA 


FC 

^FC 

- 

-60 

- 

pA 


Input current 

osc« 

lose 

- 

±50 

- 

pA 


High-level output voltage 

Except Do and 
OSCouT 

Vo« 

4.4 

- 

- 

V 

Vcc = 5V 

Low-level output voltage 

VoL 

- 

- 

0.4 

V 


High-impedance 

Cut off current 

Do 

Iqff 

- 

- 

1.1 

pA 

VDo = GNDto8V 
Vcc<Vp<8V 

Output current 

Except Do and 
OSCouT 

loH 

-1.0 

- 

- 

mA 


loL 

1.0 

- 

- 

mA 


Analog switch ON resistance 

Ron 

- 

25 

- 

O 
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MB1513 

TEST CIRCUIT 

(FOR MEASURING PRESCALER INPUT SENSITIVITY) 








MB1513 


APPLICATION EXAMPLE 



Vp, Vpx : Maximum 8 V 

C,, C 2 : Depend on the crystal parameters 
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PACKAGE DIMENSIONS 


20-LEAD PLASTIC FLAT PACKAGE 
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cP 


DATA SHEET 

MB1518 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
ON CHIP 2.5GHz PRESCALER 

The Fujitsu MB1518 on chip 2.5 GHz dual modulus prescaler is a serial input PLL (Phase 
Locked Loop) frequency synthesizer with pulse swallow function. It is well suited for BS tuner, 
CATV system applications. 

it operates supply voltage of 5.0V typ. and dissipates 16mA typ. of current realized through the 
use of Fujitsu’s unique U-ESBIC Bi-CMOS technology. 


• Power supply voltage: Vcc = 4.5 to 5.5V 

• High operating frequency: fm = 2.5GHz (Vin = -4dBm) 


• 2.5GHz dual modulus prescaler: P = 512/528 


• Low power supply current: Ice = 16mA typ. 

• Programmable reference divider: R = 512 

• Programmable divider consisting of: 

Binary 5-bit swallow counter (A = 0 to 31) 

Binary 9-bit programmable counter (N = 32 to 511) 

• Wide operating temperature: Ta = -40 to +85°C 

• Plastic 16-pin flat package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, 
it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit._ 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

Output Voltage 

Vo 

0.5 to Vcc +0.5 

V 

Output Current 

lo 

±10 

mA 

Storage Temperature 

Tstg 

-55 to+125 

°C 


PIN ASSIGNMENT 


tE|Z 

1 

16 

□ ld 

Datal 

2 

15 

1 four 

Clock 

3 

14 

1 Vcc 2 

< 

o 

o 

LTL 

4 

TOP 

VIEW 

□ flN 

OSCiN j_ 

5 

12 

^ GND2 

OSCouT 1 

6 

11 


GND1 

7 

10 

□ fc 

Doi tZ! 

8 

9 

1 Do2 
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LD 


MB1518 BLOCK DIAGRAM 


four 


Vcc 2 


GND2 


FC 


Do2 



Vcci 


OSCin 


Doi 


3-154 























MB1518 



3-155 


















































MB1518 


FUNCTIONAL DESCRIPTIONS 

DIVIDE RATIO SETTING 

Divide ratio can be set using the following equation: 
fvco = {(P X N) + (16 X A)} X fosc + R 

fvco: Output frequency of an external voltage controlled oscillator (VCO) 

P: Preset divide ratio of an internal dual modulus prescaler (512) 

N: Preset divide ratio of binary 9-bit programmable counter (32 to 511) 

A: Preset divide ratio of binary 5-bit swallow counter (0 to 31) 
fosc: Reference oscillator frequency 
R: Preset divide ratio of reference counter (512) 

SERIAL DATA I NPUT 

On rising edge of the clock shifts one bit of the data into the shift register. 

When the load enable is high, the data stored in the shift register is transferred to the latch. 

14 bit of serial data formit is shown below. 


Data Input Flow 



5-bit swallow counter divide ratio (A1 to A5) 


Divide ratio 

A 

A 

5 

A 

4 

A 

3 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

2 

0 

0 

0 

1 

0 







31 

1 

1 

1 

1 

1 


9-bit programmable counter divide ratio (N1 to N9) 


Divide ratio 

N 

9 

N 

8 

N 

7 

N 

6 

N 

5 

N 

4 

N 

3 

N 

2 

N 

1 

32 

0 

0 

0 

1 

0 

0 

0 

0 

0 

33 

0 

0 

0 

1 

0 

0 

0 

0 

1 

34 

0 

0 

0 

1 

0 

0 

0 

1 

0 











511 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Note: On rising edge of the clock shifts one bit of the data into the shift register. 

When LE is high, the data stored the shift register is transferred into the latch. 
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PHASE DETECTOR CHARACTERISTICS 

FC pin selects the phase of the phase detector. Phase characteristics (chage pump output) can be reversed depending upon the FC pin 
input level. Monitor pin (tout) output level is selected by the FC pin input level as well. 



FC = H (or open) 

_i 

II 

o 

u. 

Doi, Do 2 

fout 

Doi, Doa 

fout 

fr >fp 

H 

Outputs programmable 
reference divider output 
frequency fr. 

L 

Outputs programmable 
divider output 
frequency fp. 

fr = fp 

Z 

Z 

fr <fp 

L 

H 


Note: 

Z; High-impedance 


VCO POLARITY 

Depending upon the VCO polarity, FC pin should be set ac¬ 
cordingly. 



When VCO polarity is like 1, 

FC should be set high or open. 

When VCO polarity is like 2, 

FC should be set low. 

VCO Output 
Frequency 

X X 






VCO Input Voltage-► 



Spike shape depends on the charge pump characteristics. 
The spike is output to diminish the dead band. 
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TEST CIRCUIT (FOR PRESCALER INPUT SENSITIVITY) 



Frequency 

counter 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input Voltage 

V, 

GND 

- 

Vcc 

V 

Operating Temperature 

Ta 

-40 

- 

+85 

°c 


HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 


Paratnel^r 

Symbol 

Condition 

Value 

Unit 

illilllll 

iliiMii 

Max 

Power Supply Current 

Icc 

Notel 

- 

16.0 

- 

mA 

Operating Frequency 

fin 

fin 

Note2 

10 

- 

2500 

MHz 

OSCiN 

fosc 

- 

- 

a 

10 

Input Sensitivity 

fin 

Vfin 

2300 to 2500MHz 

-4 

- 

6 

dBm 

1900 to 2300MHz 

-7 

- 

6 

10 to 1900MHz 

-10 

- 

6 

OSCiN 

Vosc 

- 

0.5 

- 

- 

Vpp 

High-level Input Voltage 

Except fin 
and OSCiN 

V.H 

- 

VccxO. 7+0.4 

- 

- 

V 

Low-level Input Voltage 

Vit 

- 

- 

- 

VccxO.3-0.4 

High-level Input Current 

Data, 

Clock, 

LE 

I.H 

- 

- 

1.0 

- 

pA 

Low-level Input Current 

IlL 

- 

- 

-1.0 

- 

FC 

IlLFC 

- 

- 

-60 

- 

Input Current 

OSCiN 

liOSC 

- 

- 

±50 

- 

High-level Output Voltage 

Except Do 

VOH 

Vcc = 5.0V 

4.4 

- 

- 

V 

Low-level Output Voltage 

VoL 

- 

- 

- 

0.4 

High-impedance Cutoff 
Current 

Doi,Do2 

loFF 

- 

- 

■ 

1.1 

pA 

High-level Output Current 

Except Do 

_ 

loH 

- 

-1.0 

- 

- 

mA 

Low-level Output Current 

loL 

- 

1.0 


- 


Notel : fin=2.5GHz, OSCin=4.0MH2, Vcc=5.0V. Input pins are grounded and output pins are open. 
Note2; AC coupling. Minimum operating frequency is measured with a capacitor lOOOpF. 
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MB1518 APPLICATION CIRCUIT 



Cl, C 2 : depends on the crystal oscillator. 
FC : with internal pull up resistor. 







MB1518 


PACKAGE DIMENSIONS 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 






©1990 FUJITSU LIMITED F16015S-2C 


Dimensions in 
inches (millimeters) 


3-162 









January 1991 
Edition 1.0 


. : : .z nzz data SHEET nzi ZTn i - ^ 

MB1519 

DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 


Fufrsu 


DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 600MHz PRESCALER 

The Fujitsu MB1519 is a 600MHz dual serial input PLL (Phase Locked) frequency synthesizer 
designed for cellular telephone and cordless telephone applications. 

The MB1519 has two PLL circuits on a single chip: one for transmit and the other for reception. 
Separate power supply pins are provided for the transmit and reception PLL circuits. Transmit 
PLL contains a low sensitivity charge pump for ease of modulation and reception PLL contains 
a high sensitivity charge pump for faster lock up time. 

600 MHz dual modulus prescalers are on chip and enables a pulse swallow function. 

It operates supply voltage of 3.0V typ. and dissipates 11 mA typ. of current realized through the 
use of Fujitsu’s unique U-ESBIC Bi-CMOS technology. 


• High operating frequency: fin = 600MHz 

• Low power supply voltage: Vcc = 2.7 to 5.5V 

• Low power supply current: Icc = 11 mA typ, @3V. 

• Wide operating temperature: Ta = -40 to 85°C 

• Two diarge pumps 

Low sensitivity charge pump for transmit 
High sensitivity charge pump for reception 

• Plastic 20-pin dual in line package (Suffix: -P) 

Plastic 20-pin flat package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

Vp 

Vcc to 10.0 

Output Voltage 

VoUT 

-0.5 to Vcc +0.5 

Output Current 

loUT 

±10 

Storage Temperature 

Tstg 

-55 to+125 



PLASTIC PACKAGE 
DIP-20P-M02 



PLASTIC PACKAGE 
FPT-20P-M01 


PIN ASSIGNMENT 



gndI 

1 


20 

I Clock 

OSCinI 

2 


19 

d Data 

OSCouT 1 

3 


18 


fini 

4 


17 

ZD fin2 

Vcci 1 

5 

TOP 

VIEW 

16 

1 Vcc 2 

^-'iz 

6 


15 

III tp 

LDil 

7 


14 

□ LD2 

Vpi[^ 

8 


13 

ZD Vp2 

Doi d 

9 


12 

ZD Do2 

BSi d 

10 


11 

ZD BSz 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings This device contains circuitry to protect the inputs against 
are exceeded. Functional operation should be restricted to the conditions as damageduetohighstaticvoitagesoreiectricfieWs. However, 
detailed in the operational sections of this data sheet. Exposure to absolute advised that nortroi pr^utiorre be taken to aw^ 

maximum rating conditions for extended periods may affect device reliability. Sa^^to thte S iSeXceSit " 
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MB1519 BLOCK DIAGRAM 
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BLOCK DESCRIPTIONS 

TRANSMIT/RECEPTION BLOCK 

• 20-bit latch 

• Programmable divider consisting of: 

Binary 7-bit swallow counter (Divide ratio: 0 to 127) 

Binary 11-bit programmable counter (Divide ratio: 16 to 2047) 

• Phase detector with phase polarity change function 

• 600MHz dual modulus prescaler (Divide ratio: 64/65) 

• Charge pump 


COMMON BLOCK 

• 23-bit shift register 

• Programmable divider consisting of: 

Reference counter (Divide ratio: 512, 1024) 

(Divide frequency = 25kHz, 12.5kHz (Crystal oscillator frequency = 12.8MHz) 

• Crystal oscillator 

• fp monitor output selector 

• Latch selector 

• Schmitt circuits 

• Analog switches 
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PIN DESCRIPTIONS 


Pin No. 


Pin Nomo 


I/O 


GND 


Ground. 


OoscrlpUono 


2 OSCiN 

3 OSCouT 


I 

O 


Oscillator input pin. 

Oscillator output pin. 

A crystal is connected between OSCin pin and OSCout pin. 


4 fim 


Prescaler input pin of transmit section. 

The connection with VCO should be AC connection. 


5 Vcci 


Power supply voltage input pin of transmit section. 

When power is OFF, latched data of transmit section is cancelled. 


6 fr 


O 


Monitor pin for programmable reference divider output. 


7 LD1 


O 


Lock detect signal output pin of transmit section. 


Condition 

LD pin output level 

Lock 

H 

Unlock 

L 


8 Vpi 


Power supply voltage input for charge pump and analog switch of transmit section. 


9 Doi 


O 


Charge pump output pin of transmit section. 

Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 


10 BS1 


11 BS2 


12 Do2 


O 


O 


O 


Analog switch output pin of transmit section. 

Usually this pin is high-impedance state. During SW is ON (LE = high), charge pump output is con¬ 
nected to this pin. 


Analog switch output pin of reception section. 

Usually this pin is high-impedance state. During SW is ON (LE = high), charge pump output is con¬ 
nected to this pin. 


Charge pump output pin of reception section. 

Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 


13 


Vp2 


Power supply voltage input for charge pump and analog switch of reception section. 


14 


LD2 


O 


Lock detect signal output pin of reception section. 


15 




Condition 

LD pin output level 

Lock 

H 

Unlock 

L 


O 


Monitor pin for programmable divider output. 

This pin outputs divided frequency of transmit section or reception section depending upon FP bit 
setting. 


FP bit 

Output 

H 

Transmit section (fpl) 

L 

Reception section (fp2) 
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PIN DESCRIPTIONS (Continued) 


MB1519 


PJnHo. 


16 


Pin Hame 


VcC2 


finz 


VO 


Oeacriptiona 


Power supply voltage input pin for reception section, programnr^able reference divider, shift register, 
and crystal oscillator. 

When power is OFF, latched data of reception section and reference counter is cancelled. 


Prescaler input pin of reception section. 

The connection with VCO should be AC conneciton. 


18 LE 


19 Data 


20 


Clock 


I Load enable input pin. This pin involves a schmitt trigger circuit. 

When this pin is high, the data stored in the shift register is transferred into the latch depending on a 
control data. 

At this moment, charge pump output signal is output from BS pin since internal analog swith be¬ 
comes ON. 


I Serial data input pin of 23-bit shift register. This pin involves a schmitt trigger circuit. 

The stored data in the shift register is transferred to either transmit section or reception section de¬ 
pending upon a control data. 


Control bit data 

The destination of data 

H 

Latch of transmit section 

L 

Latch of reception section 


I Clock input pin of 23-bit shift register. This pin involves a schmitt trigger circuit. 

On rising edge of the clock shifts one bit of data into the shift register. 



FUNCTIONAL DESCRIPTIONS 

The divide ratio can be calculated using the following equation; 
fvco = {(M X N) + A} X fosc + R (A < N) 

fvco: Output frequency of external voltage controlled ocillator (VCO) 

M: Preset divide ratio of dual modulus prescaler (64) 

N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 
A: Preset divide ratio of binary 7-bit swallow counter (0< A < 127) 
fosc: Reference oscillator frequency 
R; Preset divide ratio of reference counter (512 or 1024) 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data is input using three pins, Data pin. Clock pin, and LE pin. Programmable divider of transmit section and programmable divider of 
reception section are controlled individually. 

Serial data of binary data is input into Data pin. 

On rising edge of clock shifts one bit of serial data into the shift register. When load enable signal is high, the data stored in the shift register is 
transferred to either the latch of transmit section or the latch of reception section depending upon the control bit data setting. 


Control data 

Destination of serial data 

H 

Latch of transmit section 

L 

Latch of reception section 


SHIFT REGISTER CONFIGURATION 


Control bit 

1 LSB Data Flow-► MSB 

f. ^ 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

C 

R 

F 

D 

F 

A 

A 

A 

A 

A 

A 

A 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

E 

P 

M 

C 

1 

2 

3 

4 

5 

6 

7 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

T 

F 


Y 





















N1 to N11 

A1 to A7 

FC 

DMY 

FP 

REF 

CNT 


; Divide ratio of the programmable counter setting bit (16 to 2047) 
: Divide ratio of the swallow counter setting bit (0 to 127) 

; Phase control bit of the phase detector 
; Dummy bit (sets to low) 

: Output of the programmable divider control bit (fpl or fp2) 

: Divide ratio of the reference counter setting bit (512 to 1024) 

: Control bit 


SERIAL DATA INPUT TIMING 


• ti, ta, ts, Uy ts ^ Ills 

1 


Data Nil = MSB^ N10 Nl^ 

A7 REF = C: Control bit 

cock - JiJ_rL. .ru. 


Clock ■ ’“'"I. f • *“7 , 

• 1 II 

*1 1 1 

*1 II 

... ii n_ 

t2-*! 

' ti • • • 

t3-*|—^ • 

' I , II 


ts 


On rising edge of the clock shifts one bit of the data into the shift register. 
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BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING 


Divide 

Ratio 

(N) 

N 

11 

N 

10 

N 

9 

N 

8 

B 

N 

6 

N 

5 

B 

N 

3 

B 

N 

1 

16 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

17 

0 


0 

0 

0 

0 

1 

0 

0 

0 

1 













2047 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


Note: Divide ratio less than 16 is prohibited. 
Divide ratio (N) range = 16 to 2047 



BINARY 7-BIT SWALLOW COUNTER DATA SETTING 


Divide 

Ratio 

(A) 

B 

A 

6 

A 

5 

B 

B 

A 

2 

A 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 









127 

1 

1 

1 

1 

1 

1 

1 


Note: Divide ratio (A) range = 0 to 127 


DMY : DUMMY BIT INPUT 

This bit is set to low in operation. 

REF : DIVIDE RATIO (R) OF THE REFERENCE COUNTER SETTING BIT 
H = 512 (fr = 25.0 kHz) 

L= 1024(fr= 12.5 kHz) 

FP ; OUTPUT OF THE PROGRAMMABLE DIVIDER SETTING BIT 

H = fp pin (15 pin) outputs programmable divider output frequency (fpl) of transmit section. 
L = fp pin (15 pin) outputs programmable divider output frequency (fp2) of reception section. 

FC : PHASE CONTROL BIT OF THE PHASE DETECTOR 
Output of charge pump is selected by FC pin. 



FC = H 

FC = L 

fr >fp 

H 

L 

fr = fp 

Z 

Z 

fr<fp 

L 

H 

VCO Polarity 

© 



Note:Z = High-impedance 

Depending upon the VCO poratity, FC bit should be set. 


VCO Output 
Frequency 
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PHASE DETECTOR OUTPUT WAVEFORM 



Note: • Phase difference detection range = -2n to +2k 

• LD output becomes low when phase difference is tw or more. 

LD output becomes high when phase difference less than tw is reperated 3 times or more. 

(e. g. tw = 625 to 1250 ns, foscin = 12.8 MHz) 

• Spike apperance depends on the charge pump characteristics. The spike is output to diminish the dead band. 

• When fr > fp or fr < fp, spike might not generate depending up the VCO characteristics. 
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ANALOG SWITCH 

ON/OFF of the analog switch is controlled by the combination of the control data and LE signal. When the analog switch is ON, BS1, BS2 pin 
output the charge pump output (Doi, D 02 ). When analog switch is OFF, BS pin is set to high impedance. 



Control data = H 

Divide ratio of transmit section is set 

Control data = L 

Divide ratio of reception section is set 

LE = H 

LE = L 

LE = H 

LE = L 

Analog switch of transmit section 

ON 

OFF 

OFF 

OFF 

Analog switch of reception section 

OFF 

OFF 

ON 

OFF 


When a analog switch is inserted between LP1 and LP2, faster lock up time is achieved to reduce LPF time constant during PLL channel switching. 



RECOMMENDED OPERATING CONDITIONS 


Parameter 


Value 

Unit 

Note 

Min 

■J'yp 

Max 

Power Supply Voltage 

Vcc 

2.7 

3.0 

5.5 

V 

Vcci = Vcc 2 

Vp 

Vcc 

- 

8.0 

V 


Input Voltage 

ViN 

GND 

- 

Vcc 

V 


Operating Temperature 

Ta 

-40 

- 

+85 

°C 



HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work¬ 
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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MB1519 


ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 


Valw 

mn 


Min 

Typ 

Max 

Power Supply Current* 

loci 

Reception section is active. 

- 

5.5 

- 

mA 

ICC2 

Transmit/reception section 
are active. 

- 

11.0 

- 

Operating Frequency** 

fin 

fin 


10 

- 

600 

MHz 

OSCiN 

fosc 


- 

12.8 

20 

Input Sensitivity 

fin 

Vfin 

Vec = 2.7 to 4.0V, 50a 

-8 

- 

0 

dBm 

Vec = 4.0 to 5.5V, 50a 

-4 

- 

2 

OSCin 

Vosc 


0.5 

- 

- 

Vpp 

High-level Input Voltage 

Except fin 
and OSCin 

ViH 


VeexO. 7+0.4 

- 

- 

■ 

Low-level Input Voltage 

ViL 


- 

- 

VccxO.3-0.4 

High-level Input Current 

Data, 

Clock 

LE 



- 

1.0 

- 

pA 

Low-level Input Current 

IlL 


- 

-1.0 

- 

FC 

Ifc 


- 

-60 

- 

Input Current 

OSCin 

lose 


- 

±50 

- 

High-level Output Voltage 

Except Do 
and OSCouT 

VoH 

Vcc = 3.0V 

2.2 

- 

- 

V 

Low-level Output Voltage 

VoL 


- 

- 

0.4 

Highnmpedance Cutoff 
Current 

Do. 

<|)P 

loFF 

Vp = Vcc to 8.0V 

Voop = GND to 8.0V 

- 

■ 

1.1 

pA 

Output Current 

Except Do 
and OSCouT 

loH 


-1.0 

- 

- 

mA 

loL 


1.0 

- 

- 

Doi 

loH 

> 

CO 

II 

a. 

> 

- 

-1 


lot 

Vcc = 3V 

- 

12 


Do2 

loH 

Vp = 6V 

- 

—3 

- 

loL 

Vcc = 3V 

- 

6 

- 

Analog Switch ON Resistance 

Ron 


- 

25 

- 



Notes: *: fin = 600MHz, OSCin = 12.8MHz, Vcci = Vcca = 3.0V. The remaining input pins are grounded and output pins are open. 
**: AC coupling. Minimum operating frequency is measured when a capacitor lOOOpF is connected. 
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MB1519 


TEST CIRCUIT (PRESCALER INPUT SENSITIVITY TEST) 
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APPLICATION EXAMPLE 



Note: Vpi,Vp 2 :8Vmax. 

C1, C2 : depends on the crystal oscillator. 

Clock, Data, LE : involve the schmitt circuit. 

When input pins are open, please insert the pull down/up resistor individually to prevent the oscillation. 
X’tal : 12.8MHz 
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PACKAGE DIMENSIONS 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20P-M02) 






DO 


O 


WVTTVTTTTOTTTT 


.244+ 010 
(6.20 + 0.25) 




-.012 

■^-0 


. + .012 
°-0 


(0.86 + g-3°) 


{1.27^0-30) 


.300(7.62) 

TYP 



(0.25 + 0.05) 



©1988 FUJITSU LIMITED D20003S-3C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 


20-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-20P-M01) 
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Section 4 


Single-Chip VCOs/Prescalers — At a Glance 




Maximum 

Divide 

Supply 

Page 

Device 

Frequency 

Ratio 

ice Vec 

4-^ 

MB551 

1 GHz 

128 or 129 

16mA{typ) 5V(typ) 

NOTE: 

The MB551 is available In an 8-pin Plastic FPT package. 
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MB551 

1 GHz Dual Modulus Prescaler 



The Fujitsu MB551 is a dual modulus prescaler with low supply current and a VCO 
(voltage controlled oscillator). It is used in a frequency synthesizer in the 1 GHz 
region. 

The MB551 contains a Colpitts oscillator with a grounded base capacitor, an 
open-collector output buffer amplifier, a prescaler interface circuit, and a dual 
modulus prescaler that can select divide ratios of 128 or 129. 

The VCO oscillator section can be constructed with external components such as a 
capacitor, dieletric oscillator (resonator), and variable capacitor. 

The on-chip VCO and prescaler are connected on internal control circuit. Thus, the 
influence caused by carrier to noise by deviation of prescaler input bad is 
suppressed. 

The MB551 operates on a supply voltage of 5 V typical and has a 16 mA supply 
current typical. 

• Oscillator frequency: 1 GHz max. 

• Low supply current: Ice = 16 m A 
typ. 

• Oscillator output voltage: 0 dBm 
typ. 

• Carrier to noise ratio: 

70 dB typ. (Af = 50 kHz, 

BW = 15 kHz 
65 dBtyp. (Af = 25 kHz, 

BW=:15kHz 

• Pulse swallow method: Divide 
ratio of 128 or 129 

• Prescaler output contains 
termination circuit: VI =1.6Vp-p 
typ. 


ABSOLUTE MAXIM 

UM RATINGS 

Parameter 

Symbol 

Ratings 

Unit 

Supply Voltage 

Vec 

-0.5 to +7.0 

V 

Oscillator Transistor 

Base, Emitter input Voltage 

Vb 

Ve 

DC voltage Is not Input from 
outside. 

Input Voltage for MC and 

OUT (3, 4 pins) 

Vpi 

-0.5toVcc+0.5 

V 

Input Voltage for fvex) and C 
(1, 6 pins) 

Vp2 

Vec ^ Vp2 < +7.0 

V 

Input Current 

Ip 

±10 

mA 

Storage Temperature 

Tstg 

-55 to +125 

°C 


Note: Permanent device damage may occur if absolute maximum ratings 
are exceeded. Functional operation should be restricted to the condi¬ 
tions as detailed In the operation sections of this data sheet. Expo¬ 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


• Signal to noise ratio: 45 dB typ. 
(BW = 0.3 to 3 kHz, 3 kHz Dev, 
1 kHz tone) 

• Stable oscillator output 

• Supply voltage dependence: 
±200 kHzA/ typ. 

• Frequency stability: 35 ppm/®C 
(Referenced to 25°C) 

• Load regulation: ±2 MHz 
VSWR = 2 typ. 

• Plastic 8-pin flat package: 

Suffix-PF 



Pfn Assignment 



Pin assignment to be determined 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
itrpedanoe circuit. 


© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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PIN DESCRIPTIONS 




































MB551 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

Vcc 


IIQQII 

5.5 

V 

External Variable Capacitor Control Voltage 

Vt 

1.5 


4.5 

V 

Operating Temperature 

Ta 

-40 


+85 

X 

Prescaler Output Load 

Cl 



8 

PF 


VCO ELECTRICAL CHARACTERISTICS^-Z 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Oscillator Frequency 

fosc 


-TBD- 


900 

MHz 

Oscillator output 

Pout 

-To be supplied- 


0 


dBm 

Carrier to Noise Ratio 

C/N 

Af=25kHz, BW=15kHz 


65 


dB 

Signal to Noise Ratio 

S/N 

BW « 0.3 - 3kHz, 3kHz Dev. 

Tone 1 kHz 


45 


dB 

Fundamental to 

1st Harmonic Ratio 

SP-1 



-10 


dB 

Frequency Stability 

Af, 

Ta = -40-85®C 

Referenced to 25°C 

■ 

35 


ppm/®C 

Supply Deviation 

Afv 

Vcc = 5V ±10% 


±100 


kHz/V 

Conversion Gain 

A^osc 

Control range: 1.5 - 4.5V 


mm 


MHzA/ 

Load Regulation 

AfsWR 

VswR - 2.0 All phase 

Referenced to 50 Q 

■ 

±2 


MHz 


Notes: ^TTiese values depend on external components. 

^These values are measured under the test circuit shown in Figure 2. 
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MB551 


PRESCALER ELECTRICAL CHARACTERISTICS 





Value 


Parameter 

Symbol 

Condition 

Min 

lyp 

Max 

Unit 

Supply Current 

Ice 



16.0 


mA 

Output Amplitude 

VoUT 

internal terminatbn 
resistor is used. 

Load capacitor is 
less than 8 pF. 

1.0 

1.6 


Vp-p 

Input Frequency 

fin 

Minimum value is 
measured with input 
coupling capacitor 
lOOOpR 

10 


900 

MHz 

input Signal Amplitude 

Vin 


-4 


6 

dBm 

High-level input Voltage 
for MC 

HI 


2.0 



V 

Low-level input Voltage 
for MC 

^H 




0.8 

V 

High-level Input 

Current for MC 

IlH 




0.4 

mA 

Low-level Input 

Current for MC 

l|L 


-0.2 



mA 

Modulus Setup Time 

tsET 



16 

26 

ns 


DUAL MODULUS FUNCTION 



Notes: ^When MC is high, divide ratio of 128 is selected, 
^hen MC is low, divide ratio of 129 is selected. 


(ViH = 2.0 Vmin., Vn = 0.8 Vmax.) 

^When divide ratio of 129 is selected, positive pulse is added by 1 to 65. 

^The typical setup time is 16 ns from the MC signal input to the timing of change of prescaler divide ratio. 
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MB551 


Figure 2. Test Circuit Example-I 



Notes: Variable capacitor iSV164(NEC) 

Chipcondenser UMK316C. UMK212C, UCN103C Series(Taiyo Yuden) 

Chip coil LQN2A Series (Murata) 

Dielectric Oscillator DRR060UE (Murata) 
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Figure 3. Test Circuit Exampie~ll 



Notes: Variable capadtor iSV164(NEC) 

Chip condenser UMK316C, UMK212C. UCN103C Series (Taiyo Yuden) 

Chip coil LQN2A Series (Murata) 

Dielectric Osdllator DRR060UE (Murata) 
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MB551 


Fig. 4 - RECOMMENDED PRINT CIRCUIT BOARD PATTERN 



{Parts List) 


Cl 

IpF 

(Taiyo Yuden UMK212C) 

C15 

O.OIfiF 

(Film condenser) 

C2 

2pF 

(Taiyo Yuden UCN103C) 

C16 

0.0 lnF 

(Film condenser) 

C3 

3pF 

(Taiyo Yuden UMK212C) 

C17 

O.OlpF 

(Film condenser) 

C4 

4pF 

(Taiyo Yuden UMK212C) 




C5 

2pF 

(Taiyo Yuden UMK212C) 




C6 

20pF 

(Taiyo Yuden UMK316C) 

R1 

390£i 

(Rohm MCR25) 

C7 

51 pF 

(Taiyo Yuden UMK212C) 




C8 

20pF 

(Taiyo Yuden UMK316C) 




C9 

20pF 

(Taiyo Yuden UMK316C) 

LI 

22nH 

(Murata LQN2A) 

C10 

51 pF 

(Taiyo Yuden UMK212C) 

L2 

56nH 

(Murata LQN2A) 

C11 

20pF 

(Taiyo Yuden UMK316C) 

L3 

82nH 

(Murata LQN2A) 

C12 

51pF 

(Taiyo Yuden UMK212C) 




C13 

20pF 

(Taiyo Yuden UMK316C} 




C14 

51 pF 

(Taiyo Yuden UMK212C) 

VD 

: 1SV164 

(NEC) 


Dielectric oscillator: (Murata DRR060 Serise, 1.5GHz) 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 5 - Supply Current vs. Supply Voltage 












MB551 


(TEST CIRCUIT -1, RECOMMENDED PRINTED CIRCUIT BOARD USED) 










MB551 


(TEST CIRCUIT ~ I, RECOMMENDED PRINTED CIRCUIT BOARD USED) 


Fig. 9 - C/N, S/N vs. Variable Capacitor Control Voltage 



Fig. 10 - Supply Voltage Dependence 
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MB551 


Fig. 11~ Prescaler Input Sensitivity Curve (Supply Voltage Dependence) (Ta = 25®) 



0.6 1.0 1.4 1.8 


INPUT FREQUENCY Fin (GHz) 


Fig. 12- Prescaler Input Sensitivity Curve (Temperature Dependence) (Vcc = 5V)) 



0.6 1.0 1.4 1.8 

INPUT FREQUENCY Fin (GHz) 
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(TEST CIRCUIT -II) 


Fig. 13 - Conversion Gain 



F1^14 - C/N, S/N vs. Variabie Capacitor Controi Voitage 


m 2. 

2. 80 - 50 z 

z ^ 

^ O 



VARIABLE CAPACITOR CONTROL VOLTAGE Vt (V) 












MB551 



Note: C1 and C2 depend on crystal oscillator. 
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Section 5 


Piezoelectric Devices — At a Glance 


Page 

Device 

Description 

Frequency 

Range 

Package 

Option 

5-3 

F5CB Series 

SAW-Bandpass Filter 

700-1000 MHz 

8-pin LCC 

5-17 

M2 Series 

VCO(DIOO) 

4-30 MHz 

14-pin DIP 

5-25 

M2 Series 

VCO (D300) 

4-30 MHz 

16-pin SIP 

5-35 

M3 Series 

VCO(DOOI) 

50-300 MHz 

16-pin DIP 

5-39 

M3 Series 

VCO(DIOI) 

50-300 MHz 

14-pin DIP 
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F5CB Series 

Piezoelectric Filters 



SAW-BPF, 700 MHz to 1000 MHz 

The F5 series are wide bandpass filters for use in the 700 MHz to 1000 MHz range. 
The F5 series uses a single lithium tantalate piezoelectric crystal (LiTaOs) that has a 
high electromechanical coupling coefficient. The LITaOa also provides wide 
bandwidths and exceptional stability. Fujitsu’s exclusive mounting technique makes 
the F5 series very compact and surface mountable. The F5 is suitable for use in 
handheld phones. 


• Considerably smaller and lighter than the ceramic filter (volume and weight 
are reduced by 1/30) 

• Surface mount package (SMT) 

• Wide variety of bandwidths 

• Low Insertion loss 

• High power rating: 0.2 W guaranteed 

• 8-pad ceramic package (LCC) 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Ratings 

Unit 

Operating Temperature 

Ta 

-30 to 70 

X 

Storage Temperature 

Tstg 

-40 to 100 


Maximum Input Level 

P|N 

200 

mW 

Frequency Range 


700 to 1000 

MHz 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Ratings 

Unit 

Operating Temperature 

Ta 

-30 to 70 




(Bottom View) 
© © © 



C © 


© © © 


Pin No. 


Pin Name 


Description 


GND 


Ground Pin 


Input Pin 


Ground Pin 


GND 


Ground Pin 


GND 


Ground Pin 


OUT 


Output Pin 


GND 


Ground Pin 


GND 


Ground Pin 


Note: Permanent device damage may occur if absolute maximum ratings are 
exceeded. Functional operation should be restricted to the conditions 
as detailed In the operation sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 


This device contains circuitry to protect the inputs against damage 
due to high static voltages or electric fields. However, it is advised that 
normal precautions be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance circuit. 


© 1991 by FUJITSU LIMITED 
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F5CB Series 


STANDARD FREQUENCIES 


Number 

Model 

System 

Use* 

iK-.i m a j 

Bandwidth 

(MHz) 

1 

F5CB-836M50-G201 

AMPS/EAMPS 

Tx 

836.5 

25 

2 

F5CB-881M50-G201 

AMPS/EAMPS 

Rx 

881.5 

25 

3 

F5CB-888M50-G201 

ETACS 

Tx 

888.5 

33 

4 

F5CB-933M50-G202 

ETACS 

Rx 

933.5 

33 

5 

F5CB-902M50-G201 

NMT 

Tx 

902.5 

25 

6 

F5CB-947M50-G201 

NMT 

Rx 

947.5 

25 

7 

F5CB-911M50-G201 

NTACS 

Tx 

911.5 

27 

8 

F5CB-856M50-G201 

NTACS 

Rx 

856.5 

27 


*Tx = Transmitter; Rx = Receiver 


TEST CIRCUIT 



5-4 







































F5CB Series 


ELECTRICAL CHARACTERISTICS - EXAMPLES 

Example 1. AMPS Specification (Tx) 

Part Number F5CB-836M50-G201 


Ta = -30 to 


Item 

Symbol 

Condition 

Rating 

Unit 

Minimum 

Typical 

Maximum 

Insertion Loss 

II 

824 to 849 MHz 

— 

3.5 

CM 

dB 

In-band Ripple 


824 to 849 MHz 

-- 

1.0 

1.5 

dB 

Absolute 

Out-of-band 

Attenuation 


DC to 800 MHz 

20 

25 

— 

dB 


869 to 894 MHz 

20 

25 

— 

dB 


894 to 3000 MHz 

15 

20 

— 

dB 

In-band VSWR 


824 to 849 MHz 

— 

1.7 

2.0 


Matching Constants 

Ci 



7 

— 

pF 

Lt 



9 

— 

nH 

C2 



6 

— 

pF 

I -2 



11 

— 

nF 


Example 2. AMPS Specification (Rx) 
Part Number F5CB-881M50-G201 


Ta = -30to70X 


Item 

Symbol 

Condition 

Rating 

Unit 

Minimum 

Typical 

Maximum 

Insertion Loss 

II 

869 to 894 MHz 

— 

— 

4.5 

dB 

In-band Ripple 


824 to 849 MHz 

— 


1.5 

dB 

Absolute 

Out-of-band 

Attenuation 


DC to 824 MHz 

20 

— 

— 

dB 


824 to 849 MHz 

20 

— 


dB 


917 to 939 MHz 

18 

— 

__ 

dB 


947 to 1049 MHz 

30 

— 

— 

dB 


1049 to 3000 MHz 

15 


— 

dB 

In-band VSWR 


869 to 894 MHz 

— 

1.8 

2.0 


Matching Constants 

Cl 



6 

— 

pF 

Li 



7 


nH 

C2 



7 

— 

pF 

L2 



9 

— 

nF 


Continued on next page 
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F5CB Series 


ELECTRICAL CHARACTERISTICS - EXAMPLES (Continued) 

Example 3. ETACS Specification (Tx) 

Part Number F5CB-888M50-G201 


Ta = -30to70X 


Item 

Symbol 

Condition 

Rating 

Unit 

Minimum 

Typical 

Maximum 

Insertion Loss 

II 

872 to 900 MHz 

— 

4.5 

5.0 

dB 


900 to 905 MHz 

— 

5.5 

6.5 

dB 

in-band Ripple 


872 to 905 MHz 

— 

—- 

2.5 

dB 

Absolute 

Out-of-band 

Attenuation 


DC to 847 MHz 

20 

25 

■— 

dB 


847 to 860 MHz 

8 

12 

— 

dB 


917 to 920 MHz 

10 

13 


dB 


920 to 922 MHz 

13 

15 

— 

dB 


922 to 950 MHz 

20 

23 


dB 


962 to 995 MHz 

30 

33 

— 

dB 


995 to 3000 MHz 

15 

20 

— 

dB 

In-band VSWR 


872 to 905 MHz 

— 

2.0 

2.5 


Matching Constants 

Ci 



7 

— 

PF 

Li 



7 

—■ 

nH 

C 2 



6 


pF 

L 2 



9 

— 

nF 


Continued on next page 
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F5CB Series 


ELECTRICAL CHARACTERISTICS - EXAMPLES (Continued) 

Example 4. ETACS Specification (Rx) 

Part Number F5CB-933M50-G201 


Ta = -30 to 70°C 


Item 

Symbol 

Condition 

Rating 

Unit 

Minimum 

Typicai 

Maximum 

Insertion Loss 

II 

917 to 947 MHz 

— 

4.5 

5.0 

dB 


947 to 950 MHz 

— 

5.5 

6.5 

dB 

In-band Ripple 


917 to 950 MHz 

— 

1.0 

2.5 

dB 

Absolute 

Out-of-band 

Attenuation 


DC to 872 MHz 

20 

25 

— 

dB 


872 to 900 MHz 

15 

18 

— 

dB 


900 to 902 MHz 

13 

15 

— 

dB 


902 to 905 MHz 

8 

13 

— 

dB 


962 to 965 MHz 

10 

15 

— 

dB 


965 to 970 MHz 

15 

18 

— 

dB 


970 to 995 MHz 

20 

25 

— 

dB 


1005 to 1040 MHz 

30 

33 

— 



1040 to 3000 MHz 

15 

20 

— 


In-band VSWR 


917 to 950 MHz 

— 

20 

2.5 


Matching Constants 

Cl 



6 


pF 

Li 



6 

— 

nH 

C2 



7 

— 

pF 

L2 



8 

— 

nF 


Example 5. NMT Specification (Tx) 
Part Number F5CB-902M50-G201 


Ta = -30to70°C 


Item 

Symbol 

Condition 

Rating 

Unit 

Minimum 

Typical 

Maximum 

insertion Loss 

II 

890 to 915 MHz 

— 

4.0 

4.5 

dB 

In-band Ripple 


890to915MHz 

— 

1.3 

2.0 

dB 

Absolute 

Out-of-band 

Attenuation 


DC to 850 MHz 

20 

25 

— 

dB 


850 to 870 MHz 

15 

22 

— 

dB 


935 to 960 MHz 

20 

28 


dB 


1012 to 1058 MHz 

30 

33 

— 

dB 


1058 to 3000 MHz 

15 

20 

— 

dB 

In-band VSWR 


890to915MHz 

— 

1.5 

2.0 


Matching Constants 

Cl 



5 

— 

pF 

Li 



6 

— 

nH 

C 2 



6 

— 

pF 

L 2 



9 

— 

nF 


Continued on next page 
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F5CB Series 


ELECTRICAL CHARACTERISTICS - EXAMPLES (Continued) 

Example 6. NMT Specification (Rx) 

Part Number F5CB-947M50-G201 


Ta = -30to70^C 


item 

Symbol 

Condition 

Rating 

Unit 

Minimum 

Typical 

Maximum 

Insertion Loss 

II 

935 to 960 MHz 

— 

4.0 

4.5 

dB 

In-band Ripple 


935 to 960 MHz 

— 

1.3 

2.0 

dB 

Absolute 

Out-of-band 

Attenuation 


DC to 890 MHz 

20 

25 

— 

dB 


890 to 915 MHz 

18 

22 

— 

dB 


980 to 1005 MHz 

18 

30 

— 

dB 


1012 to 1058 MHz 

28 

32 


dB 


1089to 1115 MHz 

30 

32 

— 

dB 


1115 to 3000 MHz 

15 

20 

— 

dB 

In-band VSWR 


935 to 960 MHz 


1.5 

2.0 


Matching Constants 

Cl 


— 

6 

— 

pF 

Li 

— 

— 

6 


nH 

C2 


— 

7 

— 

pF 

1-2 

— 


9 

— 

nF 


Exampie 7. NTACS Specification (Tx) 
Part Number F5CB-911M50-G201 


Ta = -30to70°C 


Parameter 

Symbol 


Specification 

Unit 

Condition 

Minimum 

Typical 

Maximum 

Insertion Loss 

II 

898-925 MHz 

— 

4.0 

4.5 

dB 

in-band Ripple 


898-925 MHz 

— 

1.5 

2.0 

dB 

Absolute 

Out-of-Band 

Attenuation 


DC-815 MHz 

25 

27 

— 

dB 


815-870 MHz 

22 

25 

— 

dB 


1008-1100 MHz 

30 

33 


dB 


1100-3000 MHz 

15 

20 

— 

dB 

In-band VSWR 


898-925 MHz 

— 

1.8 

2.0 


Matching Constants 

Cl 

— 

— 

6 

— 

pF 

Li 

— 

— 

7 

— 

nH 

C2 

__ 

— 

5 

— 

pF 

L2 

— 

— 

10 

— 

nH 


Continued on next page 
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F5CB Series 


ELECTRICAL CHARACTERISTICS - EXAMPLES (Continued) 

Example 8. NTACS Specification (Rx) 

Part Number F5CB-856M50-G201 


Ta = -30to70®C 


Parameter 

Symbol 


Specification 

Unit 

Condition 

Minimum 

Typical 

Maximum 

insertion Loss 

II 

843-870 MHz 


4.0 

4.5 

dB 

In-band Ripple 


843-870 MHz 

— 

1.5 

2.0 

dB 

Absolute 

Out-of-Band 

Attenuation 


DC-814 MHz 

22 

25 

— 

dB 


898-935 MHz 

22 

25 

— 

dB 


935-1100 MHz 

30 

33 

— 

dB 


1100-3000 MHz 

15 

20 

— 

dB 

In-band VSWR 


843-870 MHz 

— 

1.8 

o 

cvi 


Matching Constants 

Cl 

miBIHHi 

mmni 

IBDHif 

IHIBHH 

PF 

Li 

— 


8 


nH 






pF 


nH 









































F5CB Series 


Below is an example of the AMPS-Tx filter input and output characteristics with compensating L&C components. 


5 
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F5CB Series 


PART NUMBER DESIGNATION 


Designation Example 


F5CB -□□□□□□ -gODD -□ 
© © © 


O 

© 

© 


Frequency Designation: Specifies the nominal frequency in six alphanumeric characters. Enter M (for MHz) 

at the decimal point. Refer to STANDARD FREQUENCIES. Example: For an 
836.5 MHz device, the frequency designation would show “836M50.” 


Serial Number: 


Specifies a number from 201 to 299 (with 201 as the standard) 


Packaging (Reeled tape) 


Designation 

Contents 

T 

1K pcs/reel 

R 

3K pcs/reel 





F5CB Series 


PACKAGE DIMENSIONS 



4.8 max. (0.189) 

I 1 

5.0 (0.197) 



® © @ 



1.27 (0.050) 


I 0.6(0.024) 


1.27 (0.050) 


Unit: mm (inches) 
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F5CB Series 


PACKAGE MARKING 
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F5CB Series 


PACKAGING: Reel Type 

1. Reel Dimension 


Unit: mm (inches) 



2. Package Style 
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F5CB Series 


PACKAGING: Reel Type (Continued) 
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October 1990 


cP 


: ziz:::zz:;::z ' '— : z'—- data SHEET= 

M2 Series (D100) 

Piezoelectric Device 
(Voltage Controlled Oscillator) 



The M2 series (D100) voltage controlled oscillators (VCO) operate in the frequency 
range of 4 to 30 MHz. 

The M2 series VCOs use a single LiTaOa (lithium tantalate) piezoelectric crystal with 
a high electromechanical coupling coefficient for stable and wide variable frequency 
width. 


• Wider variable frequency width than quartz crystals: ±0.2% or more 

• High stability (100 times more stable than LC configuration) 

• Excellent carrier noise ratio 

• Hermetically sealed In a metal case for high reliability in severe 
environmental conditions 

• Compatible with 14-pin DIP IC packages 

ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

Input Control Voltage 

VlN 

-0.5 to 10 

V 

Output Voltage 

VOUT 

-0.5 to Vcc +0.5 

V 

Output Current 

•out 

±25 

mA 

Operating Temperature 

Ta 

-30 to +85 

°C 

Storage Temperature 

Tstg 

-40 to +100 

O 

o 

Oscillation Frequency Range 


4 to 30 

MHz 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vcc 

4.75 to 5.25 

V 

Input Control Voltage 

V,N 

0.5 to 5.0 

V 

Operating Temperature 

Ta 

-30 to +85 

°C 


Note: Permanent device damage may occur if absolute maximum ratings are 
exceeded. Functional operation should be restricted to the conditions 
as detailed in the operation sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



Hi 

T 

Metal Case 

DIP-14 


(Bottom View) 


N 

O 1 70 

14 eoj 



Terminal No. 

Terminal Name 

Description 

1 

V|N1 

Control Voltage 

Input Terminal 

7 

GND 

Grounding Terminal 

8 

VoUT 

Oscillation Output 
Terminal 

14 

Vcc 

Power Supply 
Terminal 


This device contains circuitry to protect the Inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit. 


© 1990 by FUJITSU LIMITED 
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M2 Series (D100) 


STANDARD FREQUENCIES 


8.192 MHz 

14.318 MHz 

17.734 MHz 

21.053 MHz 

25.175 MHz 

9.408 MHz 

16.000 MHz 

18.432 MHz 

21.477 MHz 

27.338 MHz 

11.290 MHz 

16.257 MHz 

18.816 MHz 

22.579 MHz 

28.224 MHz 

11.580 MHz 

16.384 MHz 

20.480 MHz 

24.576 MHz 

28.636 MHz 

12.288 MHz 

16.934 MHz 





ELECTRICAL CHARACTERISTICS 


DC Characteristics 


item 

Symboi 

Condition 

Ratings 

Unit 

Minimum 

Maximum 

Output Level 

VoUT 

See the measuring circuit diagram 

0.5 

— 

Vp-p 

Power Supply Current 

Icc 

Load open 

-- 

15 

mA 


Measuring Circuit Diagram 


Vcc 



(Cl is the value including the measurement probe and the jig capacitance.) 


AC Characteristics 


item 

Symboi 

Condition 

Ratings 

Unit 

Remarks 

Minimum 

Maximum 

Oscillation Frequency 

fosc 

Vin-2.5V 

-0.05 

+0.05 

% 

Nominal frequency reference 
Vcc = 5V,Ta = 25‘^C 

fH 

V|N == 4.5 V 

+0.15 

— 

% 

fl 

V|N = 0.5 V 

— 

-0.15 

% 

Frequency Voltage Stability 

Af. Vcc 

Vcc = 4.75 V 
Vcc-5.25 V 

-200 

200 

ppm 

5 V reference, Vin = 2.5 V 

Frequency Temperature Stability 

Af.Ta 

V|N = 0.5 V 

V|N = 4.5 V 

-500 

500 

ppm 

25®C reference -10® to 70°C, 
Ta = 25®C 
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M2 Series (D100) 


























M2 Series (DlOO; 


























Osdilalion frequency change (ppm) g Osdllalion frequency change (ppm) 


STANDARD CHARACTERISTICS 

Part Number: I\/I2DA-28M636-D100 


Control Voltage and Oscillation Frequency 




-40 -30 -20 -10 0 10 20 30 4 

Temperature (®C) 


Power Supply Voltage Characteristics 











M2 Series (D100' 


Oscillation Spectrum 



APPLICATION CIRCUIT EXAMPLES 

Example 1. Connection to CMOS 



Example 2. Connection to LS TTL (or CMOS) 






M2 Series (D100) 


PART NUMBERING SYSTEM 

[Part Number Example] 


M2DA-DDGDan -dDDD 

© © 


© Frequency designation: Designates the nominal frequency in six alphanumeric 
characters. M indicates the decimal point in MHz. 


Frequency 


8.192 MHz 

8M1920 

9.408 MHz 

9M4080 

11.290 MHz 

11M290 

11.580 MHz 

11M580 

12.288 MHz 

12M288 

14.318 MHz 

14M318 

16.000 MHz 

16M000 

16.257 MHz 

16M257 

16.384 MHz 

16M384 

16.934 MHz 

16M934 

17.734 MHz 

17M734 



Designation 

18.432 MHz 

18M432 

18.816 MHz 

18M816 

20.480 MHz 

20M480 

21.053 MHz 

21M053 

21.477 MHz 

21M477 

22.579 MHz 

22M579 

24.576 MHz 

24M576 

25.175 MHz 

25M175 

27.338 MHz 

27M338 

28.224 MHz 

28M224 

28.636 MHz 

28M636 


© Serial Number (of the Series): 
Standard: 100 

Non-standard products: 001 to 099 


MARKING 


Company Symbol Nominal Frequency 



January 


October 

November 

December 
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M2 Series (DlOO; 


DIMENSIONS 
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13.1 max. (0.516) 






October 1990 


cP 


—.— .:::. ^.. .^ DATASHEET= 

M2 Series (D300) 

Piezoelectric Device 
(Voltage Controlled Oscillator) 



The M2 series (D300) voltage controlled oscillators (VCO) operate in the frequency 
range of 4 to 30 MHz. The M2 series VCOs use a single LiTaOs (lithium tantalate) 
piezoelectric crystal with a high electromechanical coupling coefficient for stable and 
wide variable frequency width. 

This module incorporates three VCOs for the three sampling frequencies used in 
digital audio equipment (32, 44.1, and 48 kHz). The frequencies are selected by 
external signals. 

• Clock replay In response to three sampling frequencies (32,44.1 and 
48 kHz), is contained in one module 

• Wider variable frequency width than in quartz crystals: ±0.1% or more 

• Excellent stability for signal noise reproduced by high quallti^ of the lithium 
tantalate 

• 100 times more stable than VCOs of LC and TTL-IC configuration 

• Three sampling frequencies controlled at CMOS logic level 

• SIP packaged for high-density mounting of devices 

• Compatible with the Electronic industry Association of Japan (EiAJ) digital 
I/O Standard Type II (consumer digital audio equipment). Level I 
(high-resolution mode) and Level 11 (standard resolutbn m(xle) 


ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

V 

input Control Voltage 

V,N 

-0.5 to 10 

V 

Output Voltage 

VoUT 

—0.5 to Vcc +0.5 

V 

Output Current 

•out 

±25 

mA 

Operating Temperature 

Ta 

-30 to+85 

^C 

Storage Temperature 

— 

-40 to+100 

®C 


Negative value of current means that the current flows from the device. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vcc 

4.75 to 5.25 

V 

input Control Voltage 

V,N 

0.5 to 5.0 

V 

Operating Temperature 

Ta 

-20 to +70 

O 

o 


Note: Permanent device damage may occur if absolute maximum ratings are 
exceeded. Functional operation should be restricted to the conditions 
as detailed in the operation sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 



Metal Case 
SIP-16 


(Front View) 

Vcc 
FO 
F1 

GNO 
GND 
GND 
GND 
GND 
V,N 
GND 
GND 
GND 
GND 
VOUT 
GND 
Vcc 


Terminal 

No. 

Terminal 

Name 

Description 

1. 16 

Vcc 

Power Supply Terminal 

3 

VoUT 

Output Terminal 

8 

VlN 

Control Voltage 

Intput Terminal 

2, 4, 5. 6. 7, 

9. 10. 11, 12,13 

GND 

Grounding Terminal 

14 

FI 

Frequency Switching 
Terminal 

15 

FO 

Frequency Switching 
Terminal 


1 The GND terminal and the Vcc terminals are not 
connected inside the module. So be sure to route 
them on the PC board. 


2 The FI and FO bits switch the oscillation frequen¬ 
cies. The FI and FO bits are equivalent to bits 25 
and 24 of the EIAJ Digital I/O Standard. _ 

This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high imp^ance 
circuit 


16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 
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M2 Series (D300) 


STANDARD COMBINATION OF FREQUENCIES 


Type A (n * 256) 

foi (L) 

8.192 MHz 

32 kHz X 256 

f02(M) 

11.290 MHz 

44.1 kHz X 256 

f03(H) 

12.288 MHz 

48 kHz X 256 

Type B (n = 384) 

foi (L) 

12.288 MHz 

32 kHz X 384 

f02(M) 

16.934 MHz 

44.1 kHz X 384 

f03(H) 

18.432 MHz 

48 kHz X 384 

Type C (n =512) 

foi (L) 

16.384 MHz 

32 kHz X 512 

f02 (M) 

22.579 MHz 

44.1 kHz X 512 

f03(H) 

24.576 MHz 

48 kHz X 512 


SWITCHING BIT DESIGNATION 


5 


Note: n = 256. 384.512 

BLOCK DIAGRAM 



FI 

FO 

Oscillation Frequency 

H 

H 

foi (L):32kHzxn 

L 

L 

fo2 (M):44.1 kHzxn 

H 

L 

fo 3 (H): 48 kHz x n 

L 

H 

Stop 
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M2 Series (D300) 


ELECTRICAL CHARACTERISTICS 


DC Characteristics 


item 

Symbol 

Condition 

Ratings 

Unit 

Minimum 

Normal 

Maximum 

Output Voltage 

H 

< 

o 

X 

loH = ”20 pA 

Vcc ”0.5 

5.0 

— 

V 

L 

VoL 

Iol = 20mA 

— 

0.0 

0.5 

V 

Power Supply Current 

icc 

Not Loaded 

— 

4.6 

15 

mA 


Measuring Circuit Diagram 


Vcc 



AC Characteristics 


Item 


^^9 

Ratings 

Unit 

Remarks 

Minimum 

Maximum 

Oscillation Frequency One 

^H1 


1.0015foi 

— 

MHz 

Nominal frequency Fq reference 

fn 

—3EH 

— 


MHz 

Oscillation Frequency Two 


—HH 

1.0015fo2 


MHz 



— 

0.9985fo2 

MHz 

Oscillation Frequency Three 

IIIISIIIII 


1.0015fo3 

— 

MHz 

^L3 


— 

0.9985fo3 

MHz 

Frequency Voltage Stability 

Af (Vcc) 

Vcc = 4.75 
to 5.25 V 

-100 

100 

ppm 

5 V reference. Vin = 0.5, 4.5 V 

Frequency Temperature 
Stability 

Af(Ta) 

Ta = -20 to 
+70°C 

-500 

500 

ppm 

25°C reference V|n = 0.5,4.5 V 
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Oscillation frequency change (%) Oscillation frequency change (%) Oscillation frequency change (%) 


M2 Series (D300) 
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M2 Series (D300) 


STANDARD CHARACTERISTICS 

1C. Control Voltage and Oscillation Frequency Changes 
Part Number: M2SC-24M576-D300 



0 1.0 2.0 3.0 4.0 5.0 

Control Voltage (V) 



0 1.0 2.0 3.0 4.0 5.0 

Control Voltage (V) 



0 1.0 2.0 3.0 4.0 5.0 

Control Voltage (V) 





M2 Series (D300) 















M2 Series (D300) 









M2 Series (D300) 


PART NUMBERING SYSTEM 

[Part Number Example] 

M2sc-anDDon _d □□□ 

© © 

o Frequency designation: Designates the highest frequency of the combined nominal frequency types in six alphanumeric 
characters. M indicates the decimal point in MHz. 


Frequency 

Designation 

(12.288 MHz) 

Type A: 12M288 

(18.432 MHz) 

Type B: 18M432 

(24.576 MHz) 

Type C: 24M576 


© Serial numbers of the series: 

Standard for the M2 series (D300): D300 

MARKING 


Part Number 

Company Symbol Indication Lot Indication 



DIMENSIONS 


43.0 max. (1.693) 



8.0 max. (0.315) 



Units: mm (in.) 







M2 Series (D300) 
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DATA SHEET- 


M3 Series (D001) 

Piezoelectric Device 
(Voltage Controlled Oscillator) 


Fupsu 


The M3 series voltage controlled oscillators (VCO) operate in the frequency range of 
50 to 300 MHz. The M3 series VCOs use a single LiTaOa (lithium tantalate) 
piezoelectric crystal with a high electromechanical coupling coefficient and a SAW 
resonator that has an original configuration. The M3 series VCOs oscillate directly in 
the VHF band up to 300 MHz, and have a wide variable frequency width and high 
temperature stability. 


• Direct oscillation at high frequencies: 50 to 300 MHz 

• Wide variable frequency width: 800 ppm/V minimum (0.5 to 4.5 V) 

• Superb temperature characteristics: Within ±200 ppm (0 to 60®C) 

• High-precision oscillation frequency, ready for use without adjustment 

• High reliability due to hermetically sealed package 

• High carrier noise ratio: -90 dB or less (12.5 kHz detuning, 8 kHz band) 

• Compact size: Compatible with 16-pin DIP 1C packages 

• Frequency offset by built-in offset terminal 

• Three types of standard frequencies available 

ABSOLUTE MAXIMUM RATINGS 


Parameter 

Symbol 

Ratings 

Power Supply Voltage 

Vcc 

-0.5 to 7.0 

Input Control Voltage 

V|N2 

-0.5 to 7.0 

Operating Temperature 

Ta 

0to60 

Storage Temperature 

IIQ9II 

-40 to 85 

Control Polarity 


Positive Polarity 

Oscillation Frequency Range 


50 to 300 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Ratings 

Unit 

Power Supply Voltage 

Vcc 

5.0 

IBDH 

Input Control Voltage 

V,N2 

0.5 to 4.5 


Operating Temperature 

Ta 

Oto 60 

mam 


Note: Permanent device damage may occur if absolute maximum ratings are 
exceeded. Functional operation should be restricted to the conditions 
as detailed in the operation sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

© 1990 by FUJITSU LIMITED 



Metal Case 
DIP-16 


(Bottom View) 



Terminal No. 

Terminal Name 

Description 

1 

V|N1 

Offset Terminal 

7 

GND 

Grounding Terminal 

8 

VouT 

Oscillation Output 
Terminal 

9 

Vcc 

Power Supply 
Terminal 

16 

V|N2 

Control Voltage 

Input Terminal 




This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance i 
drcuit. 
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M3 Series (D001) 


STANDARD FREQUENCIES 


Frequency 

Application 

Part Number 

74.25 MHz 

Professional HDTV 

M3DA-74M250-D001 

97.2 MHz 

Transmission Standard HDTV 

M3DA-97M200-D001 


Broad-band ISDN 

M3DA-155M52-D001 


ELECTRICAL CHARACTER 


ISTICS 


Item 

Symbol 

Condition 

Ratings 

■ 

Remarks 

Minimum 

Typical 

Maxi¬ 

mum 

Oscillation Frequency Deviation 

Afo 

Vw2 = 2,5 V 

-600 


+500 

ppm 

fo reference 

Variable Width of Oscillation 
Frequency 

(fH-fl) 

^0 

Vin2-0.5V 

Vin2-4.5V 

800 

— 

— 

ppm/V 


Temperature Stability of 
Oscillation Frequency 

Af(Ta) 

Vin2 = 2.5V 

-200 

— 

+200 

ppm 

25®C reference, 

Ta = 0 to 60®C 

Output Level 

Pout 

V,n2-2.5V 

0 

5 

7 

dBm 

50 Q termination 

Output Level Stability 

AP (Vf) 

Vin2-0.5V 
Vin2 = 4.5V 

-2 

— 

+2 

dB 

V,n2*2.5V 

reference 

Output Level Temperature 
Stability 

AP(Ta) 


-2 


+2 

dB 

25®C reference, 

Ta = 0 to eo'^c 

Current Consumption 

Icc 

— 

— 

— 

30 

mA 


Oscillation Frequency Power 
Supply Voltage Fluctuation 

Af(Vcc) 

V,n2 = 2.5V 

-50 

— 

+50 

ppm 

Vcc = 5 V refer¬ 
ence, ±5% 


STANDARD CHARACTERISTICS 

The examples below show characteristics of the M3 VCO devices at 155.52 MHz. 

Example 1. Frequency Variable Characteristics 



0 1 2 3 4 5 6 

Control Voltage (V) 
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STANDARD CHARACTERISTICS (Continued) 
Example 2. Temperature Characteristics 



Example 3. Oscillation Spectrum 


REF 10.0 dBm ATTIOdB MKR 155.51955 MHz 



SWP38 


SPAN 50 kHz 


CENTER 155.5200 MHz 





M3 Series (D001) 


PART NUMBERING SYSTEM 

(Part Number Example) 

MSDA-Donaan -d □□□ 

O © 

O Frequency designation: Designates the nominal frequency in six alphanumeric characters. M indicates the decimal 
point in MHz. 


Frequency 

Designation 

74.25 MHz 

74M250 

97.2 MHz 

97M200 

115.52 MHz 

115M52 


© Serial Number (of the series): 

Standard: 001 

Non-standard products: 001 to 099 


PACKAGE DIMENSIONS 


(Top) 

25.6 Mamimum 



(Bottom) 

17.78 ± 0.5 (0.700 ±0.020) 


o to 
« o 


(Side) 


111 


-o-or 

— 




t 

<|)0.5 (0.020) 


o ' 

+ 1 
iO 


« I 

id 9. 


O h. 
-t-l o> 



Units: mm (in.) 
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DATA SHEET- 


FUpSU 


M3 Series (0101) 

Piezoelectric Device 


Modulator, 50 MHz to 300 MHz 

These piezoelectric modulators feature direct oscillators (50 MHz to 300 MHz). The 
piezoelectric modulator uses a lithium tantaiate piezoelectric single crystal (LiTaOs) 
with a high electromechanical coupling coefficient. The piezoelectric modulator 
employs an exclusive SAW resonator. The piezoelectric modulator can be used In 
direct modulation applications needing high modulation sensitivity and a high 
signal-to-noise ratio In the VHF band (up to 300 MHz). 

• High frequency direct modulation: 50 to 300 MHz 

• High modulation sensitivity: 800 ppmA/ min. (0.5 to 4.5 V) 

• Excellent modulation distortion ratio: 40 dB max. (1 kHz to 1.75 kHz dev.) 

• Excellent signal noise ratio: -50 dB max. 

• Excellent temperature characteristic: ±200 ppm max. (-20 to 70®) 

• Highly reliable hermetically sealed package 

• Compatible with 14-pin DIP IC packages 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Power Supply Voltage 


ML Pin Input Voltage 


MM Pin Input Voltage 


ML Pin Modulation Polarity 


MM Pin Modulation Polarity 


Operating Temperature 


Storage Temperature 


Symbol 


Vcc 


Vml 


Vmm 



Ratings 


-0,5 to 7.0 


-0.5 to 10 


-0.5 to 7.0 


Positive 


Negative 


-20 to+85 


-40 to+100 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


Power Supply Voltage 


ML Pin Input Voltage 


Operating Temperature 


Symbol Ratings 


4.75 to 5.25 


2.5 


-20 to 70 


Note: Permanent device damage may occur if absolute maximum ratings are 
exceeded. Functional operation should be restricted to the conditions 
as detailed in the operation sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 




Terminal Name 

Description 

ML 

Control Voltage 

Input Terminal 

MM 

Modulation Input 

GND 

Grounding Terminal 

VoUT 

Oscillation Output 
Terminal 

Vcc 

Power Supply 
Terminal 



This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions 
I be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit. 


> 1990 by FUJITSU LIMITED 
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M3 Series (D101) 


STANDARD FREQUENCY 


Standard Frequency 

Application 

Part Number 

145.0 MHz 

Mobile Phone 

M3DA-145M00-D101 


ELECTRICAL CHARACTERISTICS 


(Vcc = 5.0V) 


Item 

Symbol 

Condition 

Ratings 

Unit 

Remarks 

Min. 


Max. 

Oscillation Frequency Deviation 

Afo 


-300 

— 

+300 

ppm 

fo reference 

Variable Width of Oscillation 
Frequency 

(fH-fJ 

fo 

Vml = 0.5V 

Vml = 4.5V 

800 

B 

— 



Temperature Stability of 

Oscillation Frequency 

Af(Ta) 

Vml = 2.5V 

-200 

B 



25°C reference, 

Ta = -20to70®C 

Output Level 

Pout 

QBDfl 

-5 

-3 

-1 

dBm 

50 Q termination 

Output Level Stability 

AP (Vf) 

EBQHI 

-2 

— 

+2 

dB 

Vml = 2.5V 
reference 

Output Level Temperature 

Stability 

AP (Ta) 

Vml = 2.5V 

-2 

B 

+2 

dB 

25°C reference, 

Ta = -20to70°C 

Current Consumption 

Icc 

— 


— 

10 



Oscillation Frequency Power 

Supply Voltage Fluctuation 

Af (Vcc) 

Vml = 2.5V 

-50 

B 

+50 


±5% at Vcc = 5 

V 

reference 

Modulation 

Characteristic 

Modulation 
Distortion 
(1 KHz tone) 


1.75 kHz DEV 

— 

m 

-40 

dB 



3.5 kHz DEV 

— 

— 

-40 

dB 


5.0 kHz DEV 

_ 

_ 

HgjQIIIIIII 

m 

Signal to 

Noise Ratio 




B 


m 


Modulator 

Input Impedanc 



10 



KQ 



PART NUMBERING SYSTEM 

Designation Example 
M3DA-Dnnnnn -dddd 

© © 

O Frequency Designation: The standard frequency is designated in six alphanumeric characters. M is used to 
designate the decimal point in MHz. Refer to STANDARD FREQUENCY. 
Example: 145.0 MHz device is designated as 145M00. 

Serial Number: The serial number is assigned from 101 to 199 (with 101 as the standard). 
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PACKAGE MARKING 



PACKAGE DIMENSIONS 














M3 Series (D101) 


SAW MODULATOR CHARACTERISTICS 

M3DA-145M00-D101 


Hern 

Rating 

Characteristics 

Remarks 

Output Frequency 

145.0 MHz 

144.997 MHz 

VC-2.5V 

Current Consumption 

10 mA or less (with buffer) 

7.3 mA 


Output Level 

-3 dBm ±2 dB 

-2.00 dBm 

Vc = 2.5V 

Spurious Response Ratio 

Higher harmonic < 4 dB at 2 fo (290 MHz) 

-7.3 dB 


Frequency 

Stability 

Power Supply 
Fluctuation 

Within ±50 ppm for 5 V ±0.25 V 

+6.00 ppm 
-5.80 ppm 


AFC-F-F 

Characteristic 

±550 ppm or more for 2.5 V ±1 V 

-789 ppm 
+1016 ppm 


Temperature 

Characteristic 

Within ±300 ppm for -35 to +85 

+66 ppm 
+41 ppm 


AFC Voltage Versus Output 
Frequency Characteristics 

At 25 ±5®C, the AFC voltage for the output frequency 
of 145 MHz is Vc = 2.5 V ±0.3 V 

2.501 V 


At -20 +85°C, the AFC voltage for the output 
frequency of 145 MHz is Vc = 2.5 V +0.3 V 

2.476 V 

2.459 V 

-20°C 

+85^C 

Modulation 

Characteristic 

Modulation 

Input Level 

-28 dBm ±3 dB (600 W) 

1 KHz ±3.5 kHz DEV* 

-26.1 dB 

15 kHz LPF 

Modulation 
Distortion Ratio 

-35 dB or less 1 kHz (±1.75 kHz DEV)* 

-30 dB or less 1 kHz (±3.5 kHz DEV)* 

-20 dB or less 1 kHz (±5.0 kHz DEV)* 

-46 dB 
-49 dB 
-48 dB 

15 kHz LPF 

Modulation 

Characteristic 

< ±1 dB/20 Hz to 5 kHz ±5 kHz DEV* 



Signal Noise 
Characteristic 

<-50 dB ±1.75 kHz DEV* 

-55 dB 

300 to 3 kHz 


*Adjust the control voltage for an oscillation frequency of 145 MHz for the modulation characteristic. 


Test Circuit 
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M3 Series (D101) 
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M3 Series (D101) 









































M3 Series (D101) 
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Section 6 


Cordless Telephone Integrated Circuits — At a Glance 


Page 

Device 

Description 

Package 

Options 
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MB86460A 

Modem wltti Internal Voice-Band Filters 

48-pin 

Plastic 

FPT 

6-25 

MB87002 

CMOS 1200 bps MSK Modem 

16-pin 

Plastic 

DIP. FPT 




May 1991 
Edition 1.0 


DATA SHEET 


FUJITSU 


MB86460A 

MODEM WITH INTERNAL VOICE-BAND FILTERS 


CMOS MODEM CIRCUIT WITH INTERNAL VOICE-BAND 
FILTERS FOR CORDLESS TELEPHONES 


The MB86460 MSK (Minimum Shift Keying) modem 1C contains a 1200-band MSK 
modem and voice-band filters. 

The voice-band filter consists of transmit and receive bandpass filters, 
pre-emphasis/de-emphasis, and splatter filters arranged in an SCF configuration. In 
addition, a limiter circuit is included. 

The MB86460 operates at low voltage (3.0 to 5.5 V) and is suitable for cordless 
telephone applications. 

• On-chip voice-band filters and 1200-band MSK modem 

• Low supply voltage requirements (3.0 to 5.5 V) 

• Wide operating temperature range (Ta = -20°C to 70°C) 

• Standby function for low power consumption 

• MSK frame detection 

• Frame synchronization selectable 

• Full-duplex MSK modem 

• Transmit/receive muting 

• Externally adjustable receive and transmit gain 

• Externally adjustable limiter level 

• CarrierAinterference detection circuit 

• The on-chip oscillator operates with 3.6864 or 3.456 MHz crystal (selectable). 

• The on-chip serial interface reduces the number of signal lines 

• CMOS I/O Interface 


Pfn No 

VO 

Pihhaffle 




Pin No 


Pin name 

1 

0 

EMPout 

17 

0 

CCi 

IIQIIIII 

1 

SD 

2 

1 

CMPout 

18 

1 

CCa 

34 

0 

SCK 

B 

0 

CMPw 

B 

- 

VOOA 

non 

1 

SEND 


0 

ARnj 

20 

0 

Coot 

36 

1 

RST 

B 

n 

AFimi 


B 

DETin 

B 

1 

OSCiN 

6 

0 

1/2VDoour 

— 

B 

DEToot 

B 

0 

OSCouT 

7 

1 

I/ZVOOM 

IIIQI 

1 

TEST 


0 

TDout 

8 

1 

CC4 

B 

1 

F/M 

B 

- 

DG 

9 

0 

CCa 

B 

0 

Dour 


- 

AG 

10 

1 

OEMa 

26 

1 

DSTB 

B 

o 

MOD 

11 

0 

DEMa 

B 

1 

DCK 

B 

- 

VoDD 

12 

0 

EXPin 

wm 

1 

Din 

B 

0 

LIMout 

13 

1 

EXPoor 

B 

1 

FCL 

B 

1 

LIM 

14 

0 

AFout 

30 

0 

FDout 

B 

0 

SAMPoot 

B 

1 

RAMPin 

B 

0 

RCK 

47 

1 

SAMPin 

B 

0 

RAMPout 

^91 

0 

RD 

B 

0 

Sour 



PIN ASSIGNMENT 

(TOP VIEW) 


nnnnnnnnnnnn 





■■ 


■■ 

wtm 


Hi 

Hi 


Hi 

IH 


— 

wmm 


Hi 

Hi 


HH 

^■1 


Hi 

Hi 


■■1 

Hi 


wm 

Hi 


■■i 

mam 


Hi 


BBBBBBi 

■■n 




This device contains circuitry to protect the inputs against damage 
due to high static voltages or electric fields. However, it is advised 
that normal precautions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high impedance circuit. 



Copyright© 1991 by FUJITSU LIMITED 
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MB86460A 


PIN DESCRIPTION 




PSn name 

Fqnctfoi} 


19 

Vdda 

Analog supply voltage (3.0 to 5.5 V). 

Power 

supply 

pins 

40 

DG 

Digital ground 

41 

AG 

Analog ground 

43 

Vddd 

Digital supply voltage (3.0 V to 5.5 V). Vddd = Vdda is recommended. 


2 

COMPout 

Input from external compressor 


5 

AFini 

Inverting input of the input transmit amplifier 

The transmit Input amplifier gain is adjusted by two external resistors, R1 and R2. R1 is 
connected to this pin and R2 connected between this pin and pin 4 (AFinz). 


B 

1/2 Vddin 

Input to the 1/2 Vqd generator. A 1 \iF bypass capacitor is usually connected from 
this pin to analog ground (pin 41) 


10 

DEMi 

Inverting input of the receive input amplifier 

The receiver input amplifier gain is adjusted by two external resistors, R3 and R4. R3 Is 
connected to this pin and R4 is connected between this pin and pin 11 (DEMa). 


13 

issisim 

Input from external expander 


15 


Inverting Input of the receive summing amplifier 


21 

DETin 

Reference voltage Input to the tone detector. With this pin open, the reference voltage 
level is 1/100 Vdd. 

Input pins 

23 

TEST 

Input for pattern check mode selection 

When TEST is low, an Internal pattern is loaded into the shift register on the rising edge 
of DCK. When TEST is high, data at DIN Is loaded into the shift register ans data in the 
shift register is shifted out to Dour on the rising edge of DCK. This pin is pulled by up a 
high resistance. 


24 

F/M 

Mode sejection input. __ 

When F/M is low, the mode selection pattern is set and checked. When F/M is high, the 
frame synchronization pattern is set and checked. 


26 

DSTB 

Input serial signal strobe. An input serial signal is validated on the rising edge of DSTB. 


27 

DCK 

Input serial signal clock. Serial data at Din is read in on the rising edge of DCK. 

(When TEST is high) 


28 

Din 

Input for serial signals from the microprocessor 


29 

FCL 

Frame detection latch clear input. When FCL is low, FDout goes low. This pin is pulled 
up by a high resistance. FCL is pulled low to pull FDout low after the frame 
synchronization pattern is set. 


33 

SD 

MSK modem data input 


35 

SEND 

Mutes transmit data to the MSK modem. A high on the SEND line enables data 
transmission. 


36 

RST 

Reset input. A low on RST resets all circuits. This pin is pulled up by a high resistance. 
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MB86460A 




Pin nam^ 

FMnctlof) 


KB 

OSCiN 

Internal oscillator inputs. 




A 3.6864 or 3.456 MHz crystal is connected between OSCin and OSCout. 

Input pins 

H 


Limiter level adjustment input. The limiter level is set to 0.05 Vdd (V) when this pin is left 
open. 




Inverting input of the transmit summing amplifier 

Input pin 

8 

CC 4 

For demodulator external coupling capacitor. A 0.1 p.F capacitor is connected between 

Output pin 

9 

CC 3 

CO 3 and OC 4 . 

Output pin 

17 

CCi 

For tone detector input external coupling capacitor. A 0.1 pF capacitor is connected 

Input pin 

18 

CC 2 

between CCi and CCa. 


1 

EMPout 

Pre-emphasis output 


3 

ISSSSHi 

Output to external compressor 


B 

AF|N2 

Output of input transmit amplifier. The transmit input gain is adjusted with external 
registers connected to this pin and pin 5 (AFini). 


6 

1/2 VDDout 

Output of the 1 /2 Vdd reference. Internal circuit operation Is referenced to the voltage on 
this pin. 


11 

DEM 2 

Output of receive input amplifier. The receive input amplifier gain is adjusted with 
external resistors connected to this pin and pin 10 (DEMi). 


12 

EXPin 

Output to external expander 

Output pins 

14 

AFout 

Output to external expander or de-emphasis 

16 

RAMPout 

Output of receive summing amplifier 


20 

Gout 

Output of tone detector. An external 0.1 pF capacitor is connected from this pin to 
ground complete the internal primary LPF configuration. 


22 

DETout 

Tone detector output. DETout Is high when the input to the tone detector (rms value) 
exceeds the reference voltage. 


25 

Dout 

Pattern check setting output 

When TEST is high, the rising edge of DCK triggers output of the pattern. 


30 

FDout 

Frame detection circuit output. FDout goes high when a signal matching the frame 
synchronization pattern is output from RD after a reset. 


31 

RCK 

MSK modem receive clock output. RD data is output on the rising edge of RCK. 


32 

RD 

MSK modem receive data output 


34 

SCK 

MSK modem transmit clock output. SD data is read In on the rising edge of SCK. 


39 

TDout 

Test digital output 


42 

MOD 

Transmit output 


44 

LIMout 

Limiter output 



SAMPout 

Output of the transmit summing amplifier 


48 

SoUT 

MSK modulated signal output 
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MB86460A 


CIRCUIT FUNCTIONS 

The MB86460 consists of the transmit filters, receive filters, MSK modulator, MSK demodulator, digital circuits, and tone detector. 

1. Transmit filters 

The input amplifier AMP1 controls the gain of the transmitted VF signal. Gain is adjusted with external resistors R1 and R2. The 
input signal is then band-limited to 3.7 kHz or less by the transmit filter LPF1. The signal is then output at CMPin to an external 
compressor. We recommend forming an RC filter using external resistor R1, and external capacitor Cl. 

The compressor output signal is input to filter HPF2 at CMPout for 6 dB/octave pre-emphasis. The pre-emphasis filter can be 
bypassed externally. 

The pre-emphasis filter output is brought out at EMPout to the external summing network of summing amplifier AMP2, where the 
signal is summed with the MSK modulating signal. The signal then enters the limiter. The limiter level can be adjusted externally at 
the LIM pin. 

The output of the limiter is then band-limited to 3 kHz by splatter filter LPF2 and output at the MOD pin. the transmitted VF signal can 
be muted externally. 

2. Receive filters 

Input amplifier AMP3 controls the gain of the received VF signal. Gain is adjusted by external resistors R3 and R4. The input signal Is 
then band-limited to 0.23 kHz to 3.4 kHz by receive filters LPF4 and HPF3. The signal then enters filter LPF5, where the 6 dB/octave 
pre-emphasis is removed. The de-emphasis filter can be bypassed externally. 

The output of the de-emphasis filter is brought out to the EXPin pin to an external expander. The expander output is then input to 
summing amplifier AMP4, where the signal is summed with tone, DTMF, or other signal. The signal is then output at RAMPout. The 
receive VF signal can be muted externally. 

3. MSK modulator 

In the MSK modulator, a 1200-Hz (data 1) or 1800-Hz (data 0) sine-wave signal Is generated for data input to pin SD In 
synchronization with transmit clock SCK. The MSK modulator signal then passes through pin Sout and enters summing amplifier 
AMP2, where the signal is summed with the transmit VF signal. 

4. MSK demodulator 

The received MSK signal passes through receive input amplifier AMP3. The signal then enters BPF1, where frequencies other than 
1200 and 1800 Hz are eliminated. The signal passes through waveform-shaping circuit 1 and is A/D converted. The signal then 
enters the delay detector, where data is regenerated. The noise components in the regenerated data are filtered out by LPF3 and 
then the signal enters waveform-shaping 2, where A/D conversion is done again. 

The digital phase-locked loop (DPLL) circuit recovers receive clock RCK from the regenerated data signal and outputs the 
regenerated data at the RD pin. 

The MB86460 has a built-in frame-detection function for reducing microprocessor load. When the regenerated data output from pin 
RD matches the frame synchronization pattern, FDout goes high. The frame synchronization pattern can be set externally. 

5. Digital circuits 

The digital circuits consist of the timing generator and serial interface. The timing generator generates basic clocks for the MSK 
modulator and demodulator, transmit filters, and receive filters, and consists of a 3.6864-MHz crystal and an on-chip oscillator and 
divider circuits. 

The signal interface is used to set the standby mode, the bypass mode, and the frame synchronization pattern, and to enable or and 
disable the trajnsmit/receive mute function. These operations are microprocessor-controllable through serial signal lines Din, DCK, 
DSTB, and F/M. 

6. Tone detector 

The tone detector is used for Interference or carrier detection during demodulation. The tone detector full-wave-rectifies the output of 
the receive LPF or demodulator BPF, smoothes the signal, and compares It with the reference to check for interference or carrier 
presence. 
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MB86460A 


FUNCTION DESCRIPTIONS 

1. Timing chart for the 1200-bps MSK modem 


1. Modulation 



2. Demodulation 


10 10 1 


1 0 1 


1010 1010 1 


iJixmjiJT_riJTJT_nxi^ 


3. Frame detection 















MB86460A 


2. Limiter 


SAWPourfeipirt level <V.) 

UMovr output level (V«) 

Condittoii 

Vdd 

— -0.25>V, 

Vdd 

— -0.25 

LIM pin Is open. 

Vdd = 5.0 V 

Vdd Vdd 

— -0.25< Vi< —+ 0.25 

Vi 

V DD 

— +0.25<V, 

Vdd 

— +0.25 

Vlim > Vi 

Vlim 

LIM pin = Vlim 

Vlim < Vi < Vi — Vlim 

V, 

VDD-VuM<Vi 

Vdd — VuM 


3. Microprocessor interface (mode selection) 

The serial interface selects the standby mode and mute mode. 
© Data input timing (TEST is high, F/M is low) 


”»njimmjuiMnfuwuinr 


DSTB 



The serial pattern is valid. 





MB86460A 


FUNCTION DESCRIPTIONS 

(D Data setting 


D15D14D13D12D11D10 

D9 

D8 

ill 

mm 

IHHI 

D2D1 DO 










Fgrtcllon 

Explanation 

Selects the standby mode. 

See the standby mode. 

Selects the mute mode. 

See the mute mode. 

Selects the pre-emphasis/ 
de-emphasis bypass mode. 

See the pre-emphasis/ 
de-emphasis bypass mode. 

Selects the compander bypass mode. 

See the compander bypass mode. 

Selects the tone detector mode. 

See the tone detector mode. 

Selects the crystal oscillator mode. 

See the crystal oscillator mode. 

^te..the,te?|mQde._ 



On reset, D15 to D3, D1, and DO are set to 0, and D2 is set to 1. 
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MB86460A 


• standby mode 
(D2. D1. DO) 


B 


B 

i 

■ 

■ 


Mode selection (Mn): n indicates values 
in binary notation for D2 (MSB) to DO (LSB). 



Circuit 

Mode 

Remarks 

1B!1 

ISI 



EM 

EM 

Transmit 

system 

Voice-band 

filters 

AMP1 

El 

wm 

mm 

B 

B 

B 


Prefilter 1 

0 

0 

mm 

B 

B 

B 


LPF1 

wm 

El 

mm 

B 

B 

B 


Postfilter 1 

El 

El 

mm 

B 

B 

B 


Prefilter 2 

0 

0 

mm 

B 

B 

B 


HPF2 

mu 

El 

wm 

B 

B 

B 


Postfilter 2 

0 

ra 

mm 

B 

B 

B 


AMP2 

El 

mu 

B 

B 

B 

B 


Limiter 

0 

0 

B 

B 

B 

B 


LPF2 

El 

mM 

B 

B 

B 

B 


Postfilter 3 

El 

0 

B 

B 

B 

B 


MODEM 

Modulator circuit 

rai 

wm 

B 

B 

B 

B 


Receive 

system 

Voice-band 

filters 

AMP3 

0 

0 

0 

0 

B 

B 


Prefilter 3 

0 

Oi 

0 

B 

B 

B 


LPF4 

0 

0 

B 

B 

B 

B 


HPF3 

0 

0 

0 

B 

B 

B 


HPF4 

mM 

0 

B 

B 

B 

B 


LPF5 

0 

0 

0 

B 

B 

B 


Postfilter 4 

El 

El 

B 

B 

B 

B 


AMP4 

0 

0 

0 

B 

B 

B 


Tone detector 

0 

0 

0 

B 

B 

B 


MSK 

MODEM 

BPF1 

0 

mm 

0 

0 

B 

B 


Waveform-shaping circuit 1 

0 

mm 

0 

B 

B 

B 


LPF3 

0 

wm 

o 

O 

B 

B 


Waveform-shaping circuit 2 

mM 

mm 

0 

o 

B 

B 


Others 

OSC 

0 

0 

0 

0 

0 

B 


1/2 Vdd reference 

0 

0 

0 

0 

B 

B 



O_Active X_Powered down 

Note: During reset, mode M4 is set. 
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MB86460A 


FUNCTION DESCRIPTIONS 

• Mute mode 
(D4. D3) 


B 


■ 

■ 





Remarks 

Transmit mute selection 

Active 

Muted 

swo 

Receive mute selection 

Active 

Muted 

SW1 


• Pre-emphasis/de-emphasis bypass mode 
(D6, D5) 




■ 

■1 






Remarks 

Pre-emphasis bypass selection 

Used 

Bypassed 

SW2 

De-emphasis bypass selection 

Used 

Bypassed 

SW3 


• Compander bypass mode 
(D7) 


a 


□ 




Remarks 

u 

* Compander bypass selection 


Bypassed 

SW4 
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MB86460A 


• Tone detector mode 
(D8) 


D8 






Tone detector mode selection 

Interference 

detection 

Carrier 

detection 

SW5 


Demodulator 





• Crystal oscillator mode 
(D9) 




■ 


^0” 

iiiiliBiii 

Nemarke 


* Crystal oscillator mode selection 

3.6864 MHz 

3.456 MHz 



Note: The internal dividing ratio depends on the frequency of the crystal. 


• Test mode 
(DIStoDIO) 


B 

■ 

B 



B 

■ 

■ 

■ 

■ 

■ 

■ 






Digital output selection 

“00": Modulator (normal) 

“Or: Waveform-shaping circuit 1 

“10”:Deley detector 

“11”: Waveform-shaping circuit 2 

Output from 
TDout 

(In test mode) 

Digital test selection 

Normal 

Test 


Analog test selection 

Normal 

Test 



don’t care 

For expansion 


Note: In no-test (normal operation) mode, set D12 and D13 to 0. 
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MB86460A 


FUNCTION DESCRIPTIONS 

4. Setting the frame synchronization pattern 

The frame synchronization pattern is set via the serial interface pins. (16 bits) 
For strobe, use DSTB and set F/M to high. 

Data input timing (TEST is high, F/M is high) 
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MB86460A 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Parameter 

Symbof 

Pin name 

Minimum 

Typical 

Maximum 

Unit 

Supply voltage 

Vdo 

Vdo 

GND-0.3 

- 

7 

V 

Input voltage 

V,N 

All input pins 

GND-0.3 

- 

Vdo+0.3 

V 

Output voltage 

VoUT 

All output pins 

GND-0.3 


Vdd+0.3 

V 

Output current 

lour 

Ail output pins 

-10 

- 

10 

mA 

Storage temperature 

u 


-40 

- 

125 

°C 


NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded. Functional 
operation should be restricted to the conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Pin name 

Minimum 

Typloal 

Maximum 

Unit 

Supply voltage 

Vdd 

Vdd 

3.0* 

5.0 

5.5 

V 

Input voltage 

V,N 

All input pins 

0 

- 

Vdd 

V 

Analog output load resistance 

Rl 

All analog output pins 

50 

- 

- 

kn 

Analog output load capacitance 

Cl 

All analog output pins 

- 

- 

30 

PF 

OSC pin load capacitance 

Cose 

OSCiN, OSCoUT 

20 

30 

50 

PF 

Operating temperature 

Ta 


-20 

25 

70 

"C 


* The MB86460A operates down to 2.7 V, but electrical characteristics are not guaranteed from 2.7 V to 3.0 V. 
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MB86460A 


ELECTRICAL CHARACTERISTICS 

1. Transmit characteristics 


Vdd = 3.0 to 5.5 V, Ta = -20 to 70 ‘’C 


Parameter 

Symbol 

Pin name 

Condition 

Minimum 

Typical 

E 

1 

Unit 

Transmit gain 1 

Tgaini 

AFini—MOD 

Input: -27 dBV, 1 kHz 
Ri = Ra, Rs = Rt 

With pre-emphasis. 
Compander bypassed. 

7.0 

9.0 

11.0 

dB 

Transmit mute 

Tmute 

AF,ni-MOD 

Input: -27 dBV, 1 kHz 
Ri = Ra, Rs = Rt 

With pre-emphasis. 
Compander bypassed. 
Transmit muted. 

45 

- 


dB 

Transmit 

signal-to-noise 

ratio 

Ts/n 

AFini-MOD 

Input: -27 dBV, 1 kHz 
Ri = Ra, Rs = Rt 

With pre-emphasis. 
Compander bypassed. 
Band: 50 Hz to 20 kHz 

40 

- 

- 

dB 

Transmit distortion 

Ts/d 

AF,ni-MOD 

Same as above 

- 

- 

-40 

dB 

Receive gain 

Rgaini 

DEMi-RAMPout 

Input: -26 dBV, 1 kHz 
Ra = Ra, Re = Rio 

With de-emphasis. 
Compander bypassed. 

-1.0 

0.0 

1.0 

dB 

Receive mute 

Rmute 

DEMi-RAMPout 

Input: -18 dBV, 1 kHz 
Ra = Ra, Re * Rio 

With de-emphasis. 
Compander bypassed. 
Receive muted. 

45 

- 

- 

dB 

Receive 

signal-to-noise 

ratio 

Rs/n 

DEMi-RAMPout 

Input: -18 dBV, 1 kHz 
Ra = Ra, Re = Rio 

With de-emphasis. 
Compander bypassed. 
Band: 50 Hz to 20 kHz 

40 

- 

- 

dB 

Receive distortion 

Rs/d 

DEMi—RAMP out 

Same as above 

- 

- 

-40 

dB 

Transmit gain 2 

TgAIN2 

AFini—EMPout 

Input: -27 dBV, 1 kHz 
Ri = Ra 

With pre-emphasis. 
Compander bypassed. 

-1.0 

0.0 

1.0 

dB 

Transmit gain 3 

TgAIN3 

EMPout-MOD 

Input: -27 dBV, 1 kHz 

Rs = Rt 

8.0 

9.0 

10.0 

dB 

Transmit frequency 
characteristics 

Tfa 

AF,ni-MOD 

Input: -27 dBV 

Ri = Ra, Rs = Rt 

With pre-emphasis. 
Compander bypassed. 

Shown in Figure 1. 
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Vdd = 3.0 to 5.5 V. Ta = -20 to 70 °C 


Parameter 

Symbol 

Pin name 

Condition 

Minimum 

Typical 

Maximum 

Unit 




Input; -26 dBV 




■ 

Receive frequency 
characteristics 

Rfa 

DEM,-RAMPout 

R 3 = R 4 , Rs = R 7 

With de-emphasis. 

Shown in Figure 2. 





Compander bypassed. 





Demodulator 

BPF gain 

Bgain 

DEMi-CCi 

Input: -18 dBV, 

1.5 kHz 

R 3 = R 4 

-1.5 

0 

1.5 

1^11 

Demodulator 

LPF gain 

Lgain 

CC 4 -CC 3 

Input: -18 dBV, 

300 Hz 

In test mode 

- 

-6.0 

■ 






0-300HZ 

- 

_ 

-30.0 


Demodulator 



Input: 

900-1200Hz 

-3.5 

- 

- 


BPF frequency 

Bfa 

DEM 1 -CC 1 

-18 dBV, 

1200-1800Hz 

-1.0 

- 

- 

dB 

characteristics 



R 3 = R 4 

1800-21 OOHz 

-3.5 

- 

- 






3000-5000HZ 

- 

- 

-30.0 


Demodulator 



Input: -18 dBV, 





LPF frequency 

Lfa 

CC 4 —CC 3 

In test mode 

- 

800 

- 

Hz 

characteristics 



Reduced by 3 dB 






6-17 










































MB86460A 


ELECTRICAL CHARACTERISTICS 

. 2. DC characteristics 


Vdd = 3.0 to 5.5 V, Ta = -20 to 70 °C 



Symbol 

p&t mm0 

Condition 

Minimum 

Typical 

Maximum 

unit 

Supply current 

Idoo 

Vdd 

Standby mode 0 

3 

8 

14 

IBSil 

191 

Standby mode 1 

2 

6 

11 

BSiii 

Id02 

Standby mode 2 

1.5 

5 

8.5 

IQQII 

||Q|[y||[|||| 

Standby mode 3 

1.3 

4.5 

8.0 

IQQI 

IdD4 

Standby mode 4 

0.1 

1.0 

2.0 

IQil 

191 

Standby mode 5 

- 

25 

100 

WSM 


V,L 

All digital input pins 

- 

0 

- 

0.3 X Vdd 

■i 

High-level input voltage 

V,H 

- 

0.7 X Vdd 

- 

Vdd 

wm 

Low-level input current 

I.L 

SD. SEND. Din 

DCK, DSTB, F/M 

< 

II 

0 

< 

~10 

- 

10 

BB 

High-level input current 

mm 

< 

II 

-10 

- 

10 

KEI 

Low-level output voltage 

VoL 

All digital output pins 

lot = 0.5 mA 

0 

- 

0.2 X Vdd 

mm 

High-level output voltage 

VOH 

loH = —0.5 mA 

0.8 X Vdd 

- 

Vdd 

mm 

Pull-up resistance 

ISflU 

RST, TEST 

- 

50 

100 

200 

aim 

Oscillation frequency 

■ 

OSClNi OSCoUT 

Mode 0 

- 

3.6864 

- 

MHz 

Mode 1 

- 

3.456 

- 

Analog input resistance 1 

Raini 

1/2 VDD,N 

- 

50 

100 

200 


Analog input resistance 2 

Ra1N2A 

DETin 

Operating 

Between this pin 
and 1/2 Vdd 

25 

50 

100 

ka 

RaIN2B 

At power down 

Between this pin 
and ground 

225 

450 

900 

Analog input resistance 3 

RaIN3A 

LIMin 

Operating 

Between this pin 
and 1/2 Vdd 

10 

20 

40 

kn 

RaIN3B 

At power down 

Between this pin 
and ground 

90 

180 

360 

Analog output load 
resistance 

Rl 

AFin2, CMPin, EMPout, 

SouT, sampout, mod, 

DEM 2 , LIMout. EXPin, 
RAMPout 

Between this pin 
and 1/2 Vdd 

50 

- 

- 

kSl 

Analog output load 
capacitance 1 

Cli 

AFin2, CMPin, EMPout, 

SouT, sampout, mod, 

DEM 2 . LIMout, EXPin, 
RAMPout 

- 

- 

- 

100 

pF 

Analog output load 
capacitance 2 

Cl2 

CoUT 

- 

- 

0.1 


pF 
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MB86460A 


Vdd = 3.0 to 5.5 V. Ta = -20 to 70 °C 



symbol 

Pin mm 

Condition 

Minimum 

Typical 

Maximum 

unh 

Analog input 
voltage range 

V,A 

CMPout 

-- 

4 

- 

-^Vdd 

4 

V 

Analog output 
voltage range 

VOA 

AFin2, CMPin, EMPout, 
SAMPout, mod, 

DEM2, EXPin, RAMPout, 
LIMout 

- 

-J-Vdd 

4 


-3-Vdd 

4 

V 

Modulator output 
voltage 

[Qyil 

Sour 

operating 

0.16 X Vdd 

0.2 X Vdd 

0.24 X Vdd 


VmOT2 

Operating 

Offset voltage 

1/2 Vdd—0.3 

1/2Vdd 

1/2Vdd+0.3 

V 

Vm0T3 

jjgiiggmiii 

1/2Vdd-0.3 

1/2Vdd 

1/2Vdd+0.3 

V 

Limiter high voltage 

Vdlh 

SAMPout—LIMout 

The LIM pin 
is open. 

1/2 Vdd 
+0.04Vdd 

1/2 Vdd 
+0.05Vdd 

1/2 Vdd 
+0.06Vdd 

V 

LIM pin = VuM 

1/2Vdd+0.8 

X (1/2Vdd- 
Vum) 

1/2Vdd+1.0 
X (1/2Vdct- 
Vum) 

1/2Vdd+1.2 
X (1/2Vdd- 
Vum) 

■ 

Limiter low voltage 

B 

SAMPout—LIMout 

The LIM pin 
is open. 

1/2Vdd 
—0.06Vdd 

1/2 Vdd 
-O.OSVdd 

1/2 Vdd 
—0.04Vdd 

V 

LIM pin = Vlim 

^/2Voo-^.2 
X (1/2Vdd— 
Vum) 

1/2Vdd—1 .0 
X (1/2VDtr- 
Vum) 

1/2Vdd-0.8 

X (1/2Vdd- 
Vum) 

V 

Tone detection level 

Vdet 

DET,n 

R3=R4 

The DETin 
pin is 
open. 

J_ Vdd 

125 

_LVdo 

100 

_LVdd 

80 

m 

DETin pin 
= Vdt 

1/12.5X 

(1/2VDt>-VDT) 

1/IOx 

(1/2Vdd-Vdt) 

1/8x 

(1/2 Vdd—Vdt) 

V,m. 
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MB86460A 


ELECTRICAL CHARACTERISTICS 


3. AC characteristics 


Vdd = 3.0 to 5.5 V, Ta = -20 to 70 "C 



Symbol 

Pin mm0 

Condition 

Minimum 

Typical 

Maximum 

Unit 

SCK delay time 1 

tdsci 

SCK 

- 

0 

150 

417 

\IS 

SCK delay time 2 

tdsc2 

SCK 

- 

417 

570 

834 

ps 

SCK delay time 3 

tdsc3 

SCK 

- 

0 

150 

417 

\iS 

FDO delay time 1 

tdpDi 

FDout 

- 

0 

- 

1 

[IS 

FDO delay time 2 

tdFD2 

FDout 

- 

0 

- 

1 

\iS 

SCK low width 

tWus 

SCK 

- 

390 

417 

444 

[IS 

SCK high width 

tWHS 

SCK 

- 

390 

417 

444 

[IS 

SEND setup time 

tSsE 

SEND 

- 

1 


- 

[IS 

SEND hold time 

thsE 

SEND 

- 

1 

- 

- 

[IS 

SD setup time 

tSsD 

SD 

- 

1 

- 

- 

[iS 

SD hold time 

thsD 

SD 

- 

1 

- 

- 

[LS 

Sour delay time 1 

tdsoi 

SoUT 

- 

0 

- 

20 

[IS 

SouT delay time 2 

tdsoa 

SoUT 

- 

0 

- 

20 

[LS 

SouT delay time 3 

tds03 

Sour 

- 

0 

- 

10 

[LS 

MSK input invalid time 

tdm 

DEMi, DEMa 

- 

0 

- 

10 

ms 

Number of fetched bits 

N 

- 

DEMi, DEMa 

No noise 

- 

- 

15 

bit 

Demodulator delay time 

tdsD 

RD 

N>15 

DEMi, DEMa No noise 

1483 

1900 

2317 

[LS 

RD timimg 

tdpD 

RD 

- 

-1 

- 

1 

[LS 

RCK low width 

tWLR 

RCK 

N>15 

DEMi, DEMa No noise 

338 

417 

496 

[LS 

RCK high width 

tWHR 

RCK 

N>15 

DEMi, DEMa No noise 

338 

417 

496 

[LS 

RST low width 

tWLC 

RST 

- 

20 

- 

- 

[LS 

Digital input rise time 

tr 

RST. SEND, SD. 

Din. DCK, DSTB. 

TEST, F/M 

- 

- 

- 

100 

ns 

Digital input fall time 

tf 

RST, SEND. SD. 

D,n, DCK, DSTB, 

TEST, F/M 

- 


- 

100 

ns 
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Vdo - 3.0 to 5.5 V, Ta - -20 to 70 °C 




Plnnam<it 

Condition 

Minimum 

typiofti 


Unit 

Din setup time 

tSo 

Din 

_ 

100 

- 

- 

|[9| 

Din hold time 

tho 

Din 

- 

100 

- 

- 

BSI 

Strobe setup time 

tST 

DSTB 

- 

100 


- 

BBBI 

DCK low width 

tWio 

DCK 

- 

100 

- 

- 

1391 

DCK period 

tWwD 

DCK 

- 

2 

- 

- 

BBi 

Strobe low width 

tWLT 

DSTB 

- 

100 

- 

- 

IIQI9I 

TEST setup time 

tSTE 

TEST 

- 

100 

- 

- 

B9i 

TEST hold time 

thxE 

TEST 

- 

100 

- 

- 

IQII 


tSFM 

flM 

- 

100 

- 

- 

HOI 

F/M hold time 

thFM 

F/M 

- 

100 

- 

- 

||||Q|[ 

Dout delay time 

tdo 

Dour 

- 

0 

- 

1 

BEI 
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TIMING CHART 

© MSK modem timing 



® Serial interface timing 
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t 


TRANSMIT RECEIVE CHARACTERISTICS 

Figure 1 Transmit frequency characteristics 


Attenuation 

(dB) 


Figure 2 Receive frequency characteristics 
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FUJITSU 


DATA SHEET 


MB87002 

1200 BPS MSK MODEM 


1200 BPS MSK (Minimum Shift Keying) MODEM 


The MB87002 is a 1200-bps CMOS minimum shift keying (MSK) single-chip 
modem for multichannel access (MCA) and radio communication application. 

Its operation at low supply voltages and low power consumption is especially 
suitable for portable application. 


• Data rate: 1200-bps 

• Low power consumption (20 mW with 5 V power supply) 

• Low supply voltage operation: 3.0 to 5.5 V (5 V typical) 

• On-chip crystal oscillator: 3.6864 MHz 

• Switched-capacitor filter (SCF) 

• Selectable timing regenerator pull-in characteristic (within 15 bits for 
high-speed, and within 25 bits for low-speed operation) 

• Low external component count 

• TTL compatible inputs and outputs 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Parameter 

Symbol 

Pin name 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vdd 

Vdd 

GND-0.3 

- 

7 

D 

Input Voltage 

V,N 

All input pins 

GND-0.3 

- 

Vdd + 0.3 

D 

Output Voltage 

VoUT 

All output pins 

GND - 0.3 

- 

Vdd + 0.3 

D 

Output Current 

loUT 

All output pins 

-10 

- 

10 

IQQI 

Storage Temperature 

Tstg 

- 

-55 

- 

125 

B 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 



PLASTIC PACKAGE 
(DIP-16P-M03) 


PLASTIC PACKAGE 
(FPT-16P-M03) 


PIN ASSIGNMENT 

(TOP VIEW) 


R/TC[] 

1 

16 

]]] Vdd 

CLOCK H 

2 

15 

2 DATAIN 

OSC1 [] 

3 

14 

3 SEND 

oscaE 

4 

13 

2 reset 

DATAOUT E 

5 

12 

2 BPFOUT 

MSKOUT E 

6 

11 

2 DPLLC 

BPFIN E 

7 

10 

Dtest 

gndE 

8 

9 

2 1/2 Vdd 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. How¬ 
ever. it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit._ 


Copyright© 1990 by FUJITSU LIMITED 





































MB87002 


PIN DESCRIPTIONS 


Pin No* 


BIS 

Funetiondl descriptions 

1 

R/TC 

1 

Transmit-receive clock output control. When pulled high, the 1.2 kHz transmit clock is 
output from the CLOCK pin and DATAOUT becomes low. When pulled low, the 1.2 kHz 
receive clock is output from the CLOCK pin. 


CLOCK 

o 

Transmit-receive clock output pin. When R/TC pin is pulled high, 1.2 kHz transmit clock 
is output. When R/TC pin is pulled low, the 1.2 kHz receive clock is output. 

3 

OSC1 

1 

Pin for external crystal (3.6864 MHz) connection. 

4 

OSC2 

o 

Pin for external crystal (3.6864 MHz) connection. 

5 

DATAOUT 

o 

Regenerated data output signal. 

6 


o 

Modulated signal output pin. Vdd/2 is output when the RESET pin is pulled low. 

7 

BPFIN 

1 

Demodulated signal input to the receive band-pass filter (BPF). 

8 

GND 

- 

Ground 

9 

1/2 Vdd 

o 

Vdd/2 reference voltage output 

10 

TEST 

1 

Test function control signal input. In the normal mode, this pin is pulled high or left open. 

In the test mode, it is pulled low. In the test mode, the BPF IN pin directly accepts 
Waveform Shaping I and receive LPF input signals, and the DATA IN pin directly accepts 
Waveform Shaping II input signals. In this mode, the delay detection circuit signal is 
output from BPFOUT and the receive LPF signal is output from MSKOUT. 

11 

DPLLC 

1 

DPLL pull-in time control signal input. When pulled low, high-speed operation is 
selected. When pulled high, low-speed operation is selected. 

12 

BPFOUT 

o 

Receive BPF output pin. 



■ 

Device reset signal input. A low on this pin resets all circuits. Pulled high or left open to 
enable device operation. 

14 


1 

Data transmit enable. With the reset high or open, transmit signals are output when this 
pin is pulled low to high. 

15 


1 

Transmit data input to the receive BPF. 

16 

Vdd 

- 

Supply voltage pin (+3.0 to +5.5 V). 
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MB87002 BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTION 

The timing generating section generates the clock signals required by the modulator and demodulator. The basic clock is generated 
by an internal oscillator and external crystal (3.6864 MHz). 

Modulator uses a programmable DAC with a 6 bit resistor string. The MSKOUT output is 1200 Hz for input 1 and 1800 Hz for Input 0 
synchronized with transmit clock. Before the transmit signal is output, a fixed level of 1/2 Vod is output by pulling the SEND pin low. 
The demodulator is composed of a band-pass filter (BPF), a delay detection circuit, a low-pass filter (LPF), and a digital 
phase-locked loop (DPLL). The BPF removes noise components from the 1,200 Hz and 1,800 Hz receive signals from the BPFIN 
pin and consists of a 10th-order Chebyshevswitched-capacitor filter (SCF). The delay detection circuit, after conversion of the BPF 
output from analog to digital in the waveform shaping circuit, regenerates data by delay detection. The noise components in the 
regenerated data are removed by the LPF. The LPF is a third-order Butterworth filter and removes noise components of 800 Hz or 
higher. The DPLL extracts the receive clock from the regenerated data. The regenerated data is output from the DATAOUTpin 
synchronized with the receive clock. The DPLL has a tendency to degrade the bit error rate when the pull-in time is shortened. This 
1C allows users to choose between two pull-in times. When the DPLLC pin is pulled low, the high-speed mode is selected. When 
pulled high, the low-speed mode is selected. 

The on-chip 1/2 Vdd circuit supplies the reference voltage required by BPF, LPF, and waveform shaping circuits and reduces 
external circuitry and component count. 

NOTE: Devices consisting of mixed analog and digital signal processing circuits are usually difficult to test. The MB87002 
Incorporates a test circuit which simplifies independent testing of the BPF, delay detection circuit, LPF and DPLL. 


RECOMMENDED OPERATING CONDITIONS 


f^rameter 

lllllllllllll 

Pin name 


Unit ; 


iilMiiiii 

iiiliiiiiliiii 

Power Supply Voltage 

Vdd 

Vdd 

3.0 

5.0 

5.5 

V 

Input Voltage 

V,N 

Ail input pins 

0 

- 

Vdd 

V 

OSC1 Pin Load Capacitance 

Cosci 

OSCI 

25 

- 

50 

pF 

OSC2 Pin Load Capacitance 

CoSC2 

OSC2 

25 

_ 

50 


Analog Output Load Resistance 

Rmo 

MSKOUT 

10 

- 

- 

kQ 

Analog Output Load Capacitance 

Cmo 

MSKOUT 

_ 

- 

30 

pF 

Operating Temperature 

Ta 

- 

-10 

- 

70 

OQ 
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ELECTRICAL CHARACTERISTICS 


DC characteristics (Vdd = 4.5 - 5.5 V) 


Ta=^C 


Parameter 

Symbol 

Pin name 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

Idd 

Vdd 


- 

4 

8 

mA 

Digital Input Low Voltage 

V,L 

RESET, SEND, 
DATAIN, DPLLC, 
R/TC, TEST 


0 

- 

0.8 

V 

Digital Input High Voltage 

V,H 

RESET, SEND, 
DATAIN, DPLLC, 
R/TC, TEST 


2.2 

- 


V 

Digital Input Low Current 

I.L 

SEND, DATAIN, 
DPLLC. R/TC 

V,N = GND 

-10 

- 

0 

pA 

Digital Input High Current 

l-H 

RESET, SEND, 
DATAIN, DPLLC, 
R/TC, TEST 

ViN = Vdd 

0 

- 

10 

pA 

Pull-up Resistance 

Rplu 

RESET, TEST 


25 

50 

100 

kD 

Digital Output Low Voltage 

VoL 

DATAOUT, CLOCK 

loL = 2.0 rnA 

0 

_ 

0.4 

V 

Digital Output High Voltage 

VoH 

DATAOUT, CLOCK 

loH = 1.0 mA 

2.4 

- 

Vdd 

V 

Oscillator Frequency 

OSClN 

OSC1, OSC2 


- 


- 

MHz 

Analog Input Resistance 1 

Raini 

BPFIN 

Input pin-1 /2 Vdd 

50 

100 

200 

kD 

Analog Input Voltage 1 

Vaini 

BPFIN 


0.5 

- 

2.5 





Operation 

0.8 

1.0 

1.2 

HBI 

Analog Output Voltage 1 

Aouti 

MSKOUT 

Offset voltage 
in operation 

1/2 Vdd 
-0.3 



a 



RESET = Low 

1/2 Vdd 
-0.3 


1/2 Vdd 
+0.3 

V 

Receive BPF Absolute Gain 

ABSi 

- 

Input frequency 
1500 Hz 

-1.0 

0 

1.0 

dB 

Receive BPF Frequency 
Characteristics 

Fi 

- 

0-300 Hz 
900-1200 Hz 
1200-1800 Hz 
1800-2100 Hz 
3000-5000 Hz 
Reference 
frequency 
1500 Hz 

-3.5 

-1.0 

-3.5 

- 

-40.0 

-30.0 

dB 

dB 

dB 

dB 

dB 

Receive LPF Cutoff Frequency 

Fo 

- 

3 dB down 

- 

800 

- 

Hz 

Receive LPF Absolute Gain 

ABSa 

- 

0Hz< 

Input frequency 
< 300 Hz 

- 


■ 

dB 
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DC characteristics (Vdd = 3.0 ~ 4.5 V) 


Ta » 25^0 


Parameter 


Pin name 

Condition 

Value 

mn 1 



■liiiiii 

Power Supply Current 

Ido 

Vdd 


- 


8 

mA 

Digital Input Low Voltage 

V.L 

RESET, SEND. 
DATAIN, DPLLC, 
me, TEST 


0 

■ 

m 

V 

Digital Input High Voltage 

V,H 

RESET. SEND, 
DATAIN, DPLLC, 
me, TEST 


2.2 

■ 

Vdd 

D 

Digital Input Low Current 

IlL 

SEND. DATAIN. 
DPLLC, me 

V.N = GND 

-10 

- 

0 

pA 

Digital Input High Current 

B 

RESET. SEND. 
DATAIN. DPLLC, 
me, TEST 

ViN = Vdd 

0 

■ 

10 

pA 

Pull-up Resistance 

Rplu 

RESET, TEST 


25 

50 

100 

ka 

Digital Output Low Voltage 

VoL 

DATAOUT, CLOCK 


0 

- 

0.4 

mm 

Digital Output High Voltage 

VOH 

DATAOUT, CLOCK 

loH = 0.5 mA 

2.4 

- 

Vdd 

V 

Oscillator Frequency 

OSCiN 

OSC1, OSC2 


- 

3.6864 

- 

MHz 

Analog Input Resistance 1 

Raini 

BPFIN 

Input pin-1/2 Vdd 

50 

100 

200 

kCi 

Analog Input Voltage 1 

Vaini 

BPFIN 


0.5 

- 

Vdd-2.0 

VfM» 

Analog Output Voltage 1 

■ 

MSKOUT 

Operation 

Vdd X 0.16 

Vdd X 0.2 

nBWilSH 

BS9i 

Offset voltage 
in operation 

1/2 Vdd 
-0.3 

1/2 Vdd 

1/2 Vdd 
+0.3 

D 

RESET = Low 

1/2 Vdd 
-0.3 

1/2 Vdd 

1/2 Vdd 
+0.3 

V 

Receive BPF Absolute Gain 

ABS, 

- 

Input frequency 
1500 Hz 

-2.0 

0 

2.0 

dB 

Receive BPF Frequency 
Characteristics 

Fi 

- 

0-300 Hz 
900-1200 Hz 
1200-1800 Hz 
1800-2100 Hz 
3000-5000 Hz 
Reference 
frequency 
1500 Hz 

-3.5 

-1.0 

-3.5 

- 

-30.0 

-25.0 

dB 

dB 

dB 

dB 

dB 

Receive LPF Cutoff Frequency 

Fo 

- 

3 dB down 

- 

800 


Hz 

Receive LPF Absolute Gain 

ABSa 

- 

0Hz< 

Input frequency 
< 300 Hz 

■ 

-6.0 

■ 

dB 
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AC characteristics (Vdd = 3.0 ~ 5.5 V) 






Value 


Parameter 

symbot 

Pitt name 

Condition 


Unit 

Min 

■IGH 

Max 

Transmit Clock Delay Time 1 

tdRCH 

CLOCK 

R/TC = “H” 

0 


417 


Transmit Clock Delay Time 2 

tdSCH 

CLOCK 

R/TC = “H” 


570 

834 

ps 

Transmit Clock Delay Time 3 

tdSCL 

CLOCK 

R/TC = "H” 

0 

150 

417 

^s 

Transmit Clock High Width 

twHC1 

CLOCK 

R/TC = "H” 


417 

444 

JXS 

Transmit Clock Low Width 

twLCI 

CLOCK 

R/TC = “H” 

390 

417 

444 

ps 

SEND Setup Time 

tssc 

SEND 

R/TC = "H” 

1 

- 

- 

|1S 

SEND Hold Time 

thSC 

SEND 

R/TC = "H” 

1 

- 

- 

ps 

DATAIN Setup Time 

tsDC 

DATAIN 

R/TC = "H” 

1 

- 

- 

ps 

DATAIN Hold Time 

thDC 

DATAIN 


1 

- 

- 

ps 

MSKOUT Output Delay Time 1 

tdCMI 

MSKOUT 

RATC = “H” 

- 

- 

10 

ps 

MSKOUT Output Delay Time 2 

tdCM2 

MSKOUT 

X 

II 

o 

- 

- 

10 

ps 

BPFIN Invalid Time 

tdRB 

BPFIN 


0 

- 

10 

ms 

Pull-in Bit Number 

N 

- 

R/TC = 

DPLLC = "L”, 
BPFIN: No noise 

- 

- 

15 

bit 

Demodulator Delay Time 

tdBD 

DATAOUT 

R/TC = “L”, 
DPLLC = “L”, 

N > 15 

BPFIN: No noise 



2317 

ps 

DATAOUT Timing 

tdCD 


R/TC = “L” 

-1 

- 

1 

ps 

Receive Clock High Width 

twHC2 

CLOCK 





Jjm 

Receive Clock Low Width 

twLC2 

CLOCK 

R/TC = “L”, 
DPLLC = T”. 

N > 15 

BPFIN: No noise 




ps 

RESET Low Width 

twLR 

RESET 


20 

- 

- 

ps 

MSKOUT Output Delay Time 3 

tdRM 

MSKOUT 


0 

- 

10 

ps 

Transmit Clock Delay Time 4 

tdTC4 

CLOCK 


0 

- 

2 

ps 

Receive Clock Delay Time 1 

tdRCI 

CLOCK 


0 

- 

2 

ps 
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MB87002 


TIMING CHART 


Modulator timing chart (TEST pin = High or Open) 


RESET 


SEND 


R/TC 


CLOCK 
{1.2 kHz) 


DATAIN 


MSKOUT 1/2 Vdd 


DATAOUT 


twLR 

tJ 



NOTE:1 . SEND pin is pulled high after low-to-high transition of the RESET pin. 

2. DATAIN signal is read at the rising edge of the CLOCK. 

3. When SEND pin changes from low to high, the CLOCK pin is pulled high once. Then 1.2 kHz clock is output. 

4. When R/TC pin is pulled high, DATAOUT pin outputs low. 

5. When power is first applied, RESET pin must be set to low to reset all circuits before use. 
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MB87002 


Demodulator timing chart (TEST pin = High or Open) 


RESET 


SEND 


R/TC 


BPF IN 1/2 Vdd 


DATAOUT 


CLOCK 
(1.2 kHz) L 


MSKOUT 1/2 Vdd 


twLR 


tr 




tdRB ' N-pattern or more 


■wvwi ixiwiAwvw 


1010 10,10010 


' tdBD , 


Tioniof^frno no °n 


■ tdCD twLC2 twHC2 


TTinnR.«jmmiJl)nnnnj1Jinj^ 


tdRM 


: a 


NOTE: 1. DATAOUT is output synchronized with the rising edge of the CLOCK. 

2. When demodulator section is used, SEND pin must be set to high or low. When SEND pin is set to low, MSKOUT is 
fixed to 1/2 Vdd. 

3. When power is first applied, RESET pin must be set to low to reset all circuits before use. 
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MB87002 


PACKAGE DIMENSIONS 

Plastic DIP, 16 pins 

(DIP-16P-M03) 



© 1988 FUJITSU LIMITED D16030S-3C-1 Units: mm (inches) 
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Plastic SOP, 16 pins 

(FPT-16P-M03) 




© 1989 FUJITSU LIMITED F16008S-3C-1 


Units: mm (inches) 








Section 7 


Telephone integrated Circuits — At a Glance 


Page 

Device 

Description 

Package 

Options 
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MB3120 

Compandor 1C 

16-pin 

Plastic 

FPT 




17-pin 

Plastic 

ZIP 

7-15 

MB3121 

Compandor 1C 

28-pin 

Plastic 

FPT 

7-19 

MB4513 

Telephone Amplifier/Tone Ringer 

48-pin 

Plastic 

DIP. FPT 

7-51 

MB4518 

Telecommunication Circuit 

28-pin 

Plastic 

DIP. FPT 

7-47 

MB4752A 

Subscriber Line Interface 1C 

28-pad 

Ceramic 

LCC 

7-67 

MB87007A 

Dual Tone Muitifrequency Pulse Dialer 

18-pin 

Plastic 

DIP 


MB87008A 


24-pin 

Plastic 

FPT 

7-83 

MB87009 

Dual Tone Muitifrequency Pulse Dialer 

20-pin 

Plastic 

FPT 

7-111 

MB87017B 

Dual Tone Multifrequency Receiver 

18-pin 

Plastic 

DIP 




24-pin 

Plastic 

FPT 

7-123 

MB87029 

Dual Tone Multifrequency Pulse Dialer 

22-pin 

Plastic 

DIP 




24-pin 

Plastic 

FPT 

7-149 

MB87057 

Dual Tone Multifrequency Receiver 

18-pin 

Plastic 

DIP 




24-pln 

Plastic 

FPT 
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April 1990 
Edition 2.0 


DATA SHEET 


MB3120 

COMPANDOR 1C 


Fufrsu 


COMPANDOR le 

The Fujitsu MB3120 is a compandor 1C to expand dynamic range at transmis¬ 
sion/reception systems and to improve the tone quality by means of restricting 
noise. 

Two functions are loaded on one 1C, the one is the compressor which has the 
2/1 ratio of input/output ratio by logarithm, and the expandor which has the 
1/2 ratio of input/output ratio by logarithm. 

The MB3120 is encapsulated in a small package. This enables high density 
mounting. 

The M,B3120 is well suitable for a mobile radio system like as cellular radio, 
MCA and handy telephone set. 


Wide power supply voltage range 
(3.2V to 10.0V) 

Low power supply current 

On-chip both compressor and 
expandor 

Wide dynamic range 
Less external elements 


• Inhibit function with compres- 
sion/expantion ratio of one 

• Equipped with mute function 
which cut off the output signal 

• 16-pin Flat Package 

17-pin Zig-zag In-line Package 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 

(Ta = 25°C) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

< 

o 

o 

12 

V 

Mute Control Voltage 

^mute 

5* 

V 

Inhibit Control Voltage 

V|NH 

5* 

V 

Power Dissipation 

Pd 

560 


Operating Temperature 

Ta 

-20 to +75 

.j 

°C 

Storage Temperature 

Tstg 

-55 to+125 

°C 


*: This value takes Vcc when Vcc is less than 5V. 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this, data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



PLASTIC PACKAGE 
FPT-16P-M04 



PLASTIC PACKAGE 
ZIP-17P-M01 


PIN ASSIGNMENT 
(TOP VIEW) 


Inv In-CC 

1 

16 

TJ 

< 

o 

n 

NFB-CC 

2 

15 

D Rect In-E 

Out-CC 

3 

14 

D aG In-E 

Rect In-CC 

4 

13 

3 Rect Cap-E 

AG In-CC 

5 

12 

30ut-E 

Rect Cap-CC 

6 

11 

□ Mute In-E 

Mute In-CC 

7 

10 

3INH 

GNDC 

8 

9 

□ ByPass 


(FPT-16P-M02) 


ZIP-17P-M01 Pin Assignment 
Please See Page 12 


This device contains circuitry to protect the 
inputs against damage due to high static volt¬ 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi¬ 
mum rated voltages to this high impedance 
circuit. 


7-3 






MB3120 


MB3120 BLOCK DIAGRAM 


) - 

COMPRESSOR 

lOka lOka SECTION 

20kn 

V_ AAA _ 

js^P-AMP 

. ( 



VARIABLE GAIN ^ . 

CONTROL CIRCUIT ^ ^ 


COMPRESSOR 


C8 lOka 


C9 20ka 

LH14/15V-JWW- 


EXPANDOR I 

INPUT l- 


COMMON 

MUTE 


FULL WAVE 
RECTIFIER 


FULL WAVE 
RECTIFIER 


VARIABLE GAIN I 
CONTROL CIRCUIT I 


EXPANDOR 

SECTION 


MUTE 

CIRCUIT 


INHIBIT 

CIRCUIT 


EXPANDOR OUTPUT 


MUTE FOR 

COMPRESSOR MUTE FOR 
EXPANDOR 


■ -(lem)——J 

INHIBIT Vcc BYPASS 

at C11 


—ZIP-17 









MB3120 


BLOCK DESCRIPTIONS 


Ci 


^2/ Cg, Cg 

^ 3 . C 7 


C10 
C5, Ce 
C11 


Cl determines the low cut off frequency of compressor section. 

1 

fc = - 

27rR • Cl 

R is on chip feed back resistor (lOkO typ.) 

Input coupling condenser 

Smooth capacitor of full wave rectifier. Atack time and recovery time are determined by C3 and C7. 
Time constant Jq can be calculated. 

Tc (ms) = IOXC 3 iiiF) 

Output coupling condenser 

Coupling condenser for internal feed back of compressor section. 

Ripple filter condenser 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Voltage 

Vcc 

3.2 


10 

V 

Operating Temperature 

Ta 

-20 


75 

°C 


ELECTRICAL CHARACTERISTICS 


(Vcc = 8V, Ta = 25°C, f = 1kHz, Rl * lOk^) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 

Power Supply Current 

'cc 



3.0 

4.5 

mA 


Compressor 


Input Resistance 

Ring 


14 

20 


kH 

Input Reference Level 

Vqco 

V|N = -6dBm 

-10.5 

-9.0 

-7.5 

dBm 

V|N “ -6dBm, 

Ta =-20 to75°C*2 

-2.5 

0 

2.5 

dB 

Output Level 

Vqci 

V,N =-20dB 

-10.5 

-10.0 

-9.5 

dB 

VoC2 

V,N =-40dB 

-20.7 

-20.0 

-19.3 

dB 

VoC3 

V,N = -60d3 

-31.5 

-30.0 

-29.0 

dB 

V,N = -60dB, 

Ta =-20 to75°C*2 

-4.0 

0 

3.0 

dB 

VoC4 

V,N =-80dB 


-40.0 


dB 
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MB3120 


ELECTRICAL CHARACTERISTICS (continued) 


Parameter 

Symbol 

Condition 

Value 

Unit 

Min 

Typ 

Max 






Expander 


Input Resistance 

f^lNE 


4.7 

cd 



Input Reference Level 

Vqeo 

V|N = -9dBm 

-1.5 

0 

1.5 


V|N “ -9dBm, 

Ta =-20to75°C*2 

-2.5 

0 



Output Level*"* 

UJ 

O 

> 

V,N =-10dB 

-20.5 

-20.0 



VoE2 

V,N =-20dB 

-40.7 

-40.0 

-39.3 

dB 

VoE3 

V,N = -30dB 

-61.0 

-60.0 

-58.5 

dB 

V,N =-30dB, 

Ta =-20to75°C*2 

-3.0 

0 

4.5 

dB 

VoE4 

V|N =-40dB 


-80.0 


dB 


Compandor 


Total Harmonic Distortion 

THD 

Vo = OdBm 


0.5 

2.0 

% 

Output Noise Voltage 

'^ON 

BW = 100H2 to 5kHz 



-80.0 

dBm 

Voltage Gain 

Ay 

V,N = -6dBm 

4.5 

6.0 

7.5 

dB 

Gain Deviation 1 

> 

< 

<1 

V|N = -6dBm, 

Ta =-20to75°C*2 

-3.0 

0 

3.0 

dB 

Gain Deviation 2 

AA\/2 

f = 200Hzto5kHz, 
Voi=0dBm 

-0.5 

0 

0.5 

dB 

Voltage Gain at Inhibit 

Avinh 


B 

6.0 

7.5 

dB 


Compressor Mute 

Attenuation *3 




-50 



Expandor Mute 

Attenuation *3 

Vqemute 

V|(yj = -9dBm, 
Vinemute “ 2.7V 


-70 


dBm 

High-level Control Voltage 
for Mute and Inhibit Pins*^ 

V,H 


2.7 




Low-level Control Voltage 
for Mute and Inhibit Pins*^ 

V,L 




0.4 

V 


Notes: 

*1 Measured at input reference level of OdB. 

*2 Gain deviation with temperature when output level of 25°C is specified as OdB. 

*3 As for Zip-17 pin, both compressor and expandor circuit enter mute function depending on 8 pin input. 
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MB3120 


TYPICAL CONNECTION EXAMPLE 

I FPT^ie 



ZIP-17 


4.7mF 

COMPRESSOR INPUT O-r^4- 

4.7juF 

COMPRESSOR OUTPUT O- T^T- 


MUTE FOR COMPRESSOR 


4.7mF 

EXPANDOR OUTPUT Q - 


EXPANDOR INPUT O- 


Vcc O- 


4.7mF 

- 


4.7mF 


1 

3 

2 

5 

4 

7 

6 

9 

8 

11 

10 

13 

12 

15 

14 

17 

16 


22mF 


IOmF 


2.2iuF 


- o<^o~ 

22mF 


-CK'^'o— 

2.2AiF 


IOmF 


COMMON MUTE* 


MUTE FOR EXPANDOR 


*; Both the mute of Compressor and Expander can be controlled by this terminal. 
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MB3120 


OUTPUT TRANSITION RESPONSE CHARACTERISTICS 



Condition: V/qc “ 8V, f = 1kHz, Rl = lOkJl, Mute OFF, INH OFF, Typ. connection 


COMPRESSOR (Y: 0.2V/dlv, X: 5msec/div) 

V|N «-18dBm^-6dBm (Vq «-15dBm-9dBm) V||s, =-6dBm-18dBm (Vq =-9dBm->-ISdBm) 






EXPANDOR (Y: 0.5V/div, X: 5msec/dlv) 

V|M =-15dBm-^-9dBm (Vq =-12dBmOdBm) 


V||si =-9dBm->'-15dBrTj (Vq = OdBm-12dBm) 



COMPANDOR (Y; 0.5V/div, X: 5msec/div) 

V|N = -18dBm-»>-6dBm (Vo =-12dBmOdBm) V|n =-6dBm->-18dBm (Vq = OdBm-12dBm) 



7-8 



















































































































































































































































































































INPUT REF. LEVEL Vqco <dBm) 


MB3120 


TYPICAL CHARACTERISTICS CURVES 


Fig. 1 - INPUT VOLTAGE vs. OUTPUT LEVEL 

f = 1kHz 

Mute OFF 

INH OFF 

Rg * 600n 

Rl = lOkn 

TYP. CONNECTION 


Fig. 2 - INPUT VOLTAGE vs. OUTPUT LEVEL 
(INHIBIT CONO.) 

f = 1kHz 

Mute OFF 

INH ON 

Rg = 600n 

Rl = 10kS2 

TYP. CONNECTION 




Fig. 3 - INPUT REFERENCE LEVEL 
vs. VOLTAGE SUPPLY 


Fig. 4 - MAX. OUTPUT LEVEL vs. 
SUPPLY VOLTAGE (COMPANDOR) 


f = 1kHz 
Mute OFF 

INH OFF -RL = 600n 

Rg = 600n -RL. = 10kn 



lU 

O 


LPF:100kHz 
THD=1% INH OFF 

Mute OFF Rg = 600fi 



I 

I 

I 


7-9 


OUTPUT LEVEL Vq (dBm) 





INPUT REF. LEVEL Vqc (dBm) 


MB3120 


TYPICAL CHARACTERISTICS CURVES (continued) 

Fig. 5 - FREQUENCY vs. VOLTAGE GAIN 
(COMPANDOR) 


Vcc = 8V 
MUTE OFF 

INH OFF Vq is OdB when f = 1 kHz. 

Rg = 600n 
Rl = lOkfi 
TYP. CONNECTION 



Fig. 6 - INPUT REFERENCE LEVEL 
vs. TEMPERATURE 



Fig. 7 - OUTPUT LEVEL vs. TOTAL HARMONIC 
DISTORTION (COMPRESSOR) 



OUTPUT LEVEL Vq (Vrms) 
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(%) a HI {%) QHl 


MB3120 


TYPICAL CHARACTERISTICS CURVES (continued) 


Fig. 8 - OUTPUT LEVEL vs. TOTAL HARMONIC 
DISTORTION (EXPANDOR) 



OUTPUT LEVEL Vq (Vrms) 


Fig. 9 - OUTPUT LEVEL vs. TOTAL HARMONIC 
DISTORTION (COMPANDOR) 



OUTPUT LEVEL Vq (Vrms) 


|. 10 - OUTPUT LEVEL vs. TOTAL HARMONIC Fig. 11 - OUTPUT LEVEL vs. TOTAL HARMONIC 

DISTORTION (EXPANDOR INHIBIT COND.) DISTORTION (COMPRESSOR INHIBIT COND.) 



OUTPUT LEVEL Vq (Vrms) 
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THD {%) 


MB3120 


TYPICAL CHARACTERISTICS CURVES (continued) 


Fig. 12 - FREQUENCY vs. TOTAL HARMONIC 
DISTORTION (COMPANDOR) 



100 500 Ik 5k 10k 50k 

FREQUENCY f (Hz) 


Fig. 13 - EXAPNDOR MUTE ATTENUATION 



MUTE CONTROL VOLTAGE V,n (V) 


Fig. 14 - COMPRESSOR MUTE ATTENUATION 



MUTE CONTROL VOLTAGE V,n (V) 
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MB3120 


PACKAGE DIMENSIONS 


16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M04) 


.083(2.10) MAX 





© 1988 FUJITSU LIMITED D16012S-3C 


Dimensions in 
inches (millimeters) 
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MB3120 


PACKAGE DIMENSIONS (Continued) 



(TOP VIEW) 

Inv In-C 

^1 



Out-C 

:]3 

2L 

4r 

NFB-C 

Rect In-C 

AG !n-C 

]5 



Mute In-C 

]j7 

6[: 

Rect Cap-C 



sr 

Mute-In 

GND 

■'19 



INH 

^'11 

10[_. 

ByPass 



12^ 

Mute In-E 

Out-E 

Jl3 

i4r' 

Rect Cap-E 

AG In-E 

"j15 


Rect In-E 

'/cc 

■j17 




(ZIP-17P-M01) 


17-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 
(CASE No.: ZIP-17P-M01) 



© 1988 FUJITSU LIMITED Z17001S-3C 


Dimensions in 
inches (millimeters) 
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July 1991 


•.-...- ■■■■ .,;:z::: data SHEET 

MB3121 

Compandor 1C 


Fufrsu 


The Fujitsu MB3121 is a highly functional compandor 1C with on-chip support 
circuitry that includes a microphone amplifier, input amplifier, and a splatter filter 
amplifier, it also features low operating voltage and low power consumption. 

The MB3121 is designed to improve the sound quality in transceiver systems by 
increasing the dynamic range of the voice signal and suppressing noise. This 
device incorporates a signal compression circuit having an input/output compres¬ 
sion ratio of 1/2*iog (I/O) and an expandor circuit with an input/output expansion 
ratio of 2*log (I/O). 

The MB3121 is the ideal choice for application in portable/mobile equipment such 
as car phones and cordless telephones. 

• Low voltage operation: 1.8 to 7 V 

• Compressor and expandor circuitry 

• Adjustable voltage gain (0 to 40 dB) 

• Limiter circuit 

• Amplifier circuit for use with a splatter filter 

• Data input and output pins 

• Output signal muting function 

• INHIBIT function that sets the compression and expansbn ratio to 1:1 

• STANDBY mode 

• 28-pin plastic SOP 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

1.8 to 7 (Typical» 3) 

V 

Operating Temperature 

Ta 

-20 to +75 



Note: Permanent device damage may occur if absolute maximum ratings 
are exceeded. Functional operation should be restricted to the condi¬ 
tions as detailed in the operation sections of this data sheet. Expo¬ 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 



Pin Assignment 


S-OUTC 

1 

28 

□ BP2 

s-inC 

2 

27 

□ bpi 

gndC 

3 

26 

D Vcc 

A-OUT C 

4 

25 

□ IDC 

A-IN C 

5 

24 

□ nc 

c-outC 

6 

23 

□ SB 

C-A-OUT C 

^ MB3121 

8 

22 

□ INH 

C-BP £ 

21 

□ MUTE 

C-G-IN C 

9 

20 

□ E-OUT 

C-R-IN C 

10 

19 

□ E-R-OUT 

C-R-OUT C 

11 

18 

□ E-R-IN 

C-A-IN C 

12 

17 

□ E-G-IN 

C-M-OUT C 

13 

16 

□ E-I-OUT 

C-IN C 

14 

15 

□ e-in 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However. K 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 
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I\/IB3121 



BLOCK DIAGRAM 
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4.7 mF 
















MB3121 


ELECTRICAL CHARACTERISTICS 






Value 


Parameter 

Symbol 

Conditions 

Min. 

lyp. 

Max. 

Unit 

Supply Current 

Ice 

No Signal Applied 


3.3 

5.0 

mA 

Supply Current, STANDBY Mode 

ISB 

VsB » 0 V 

— 

0.1 

10.0 

pA 


input/Output 

Reference Level 

Voci 

Vi„ = 100mV,™ 

-20.8 

-17.8 

-14.8 

dBm 


Output Level 

Vcxjii 

V,n = -20dB 

-10.5 

-10.0 

-9.5 

dB 


Output Level 

Vcci 2 

Vin=-40dB 

-21.0 

-20.0 

-19.0 

dB 

Compressor 

Input Limiting Voltage 

Vlim 

V,n = +14dB 

— 

550 

— 

mVp_p 


MUTE Attenuation 

ATTc 

V,„ = 0dB 

BW = 200 Hz to 5 kHz 

60 

80 

— 

dB 


input/Output 

Reference Level 

Voci 

V,„ = 100 mVrrr* 

-20.8 

-17.8 

-14.8 

dBm 


Output Level 

Vocii 

Vin = --20dB 

-41.0 

-40.0 

-39.0 


Expandor 

Output Level 

V 0 C 12 

Vj„= -40 dB 

-65.0 

-63.0 

-60.0 

dB 


Maximum Output 
Voltage 

Vomi 

THD = 2% 

500 

700 

— 

mV 


MUTE Attenuation 

ATTc 

Vin = 0dB 

BW = 200 Hz to 5 kHz 

60 

80 

— 

dB 


Output Noise Voltage 

Vox 

Rl^OO 

BW = 200 Hz to 5 kHz 

— 

10 

— 

pv 

Compandor 

Total Harmonic 
Distortion 

THD 

Voc, - 100 mVrro 

— 

0.5 

1.5 

% 


Voltage Gain 

Av 

Vin = 100 mVfTO 

-1.5 

0.0 

1.5 

dB 


Open Circuit 

Voltage Gain 

Avo 

— 

40 

50 

— 

dB 

Amplifiers 

Maximum Output 
Voltage 

AoM2 

THD = 2% 

500 

700 

— 

mV 


Filter Gain 

AVF1 

Vin = 100mVr,ns(typ) 
f = 1 kHz 

-0.5 

0.0 

0.5 

dB 

Filter 

Filter Gain 

AVF2 

f = 3 kHz 

-3.5 

-3.0 

-2.5 

dB 


Filter Gain 

AVF3 

f = 30 kHz 

-65.0 

-60.0 

-55.0 

dB 

STANDBY (SB) 


VsBH 

Normal 

1.0 

__ 

Vec 

V 

Pin Control Voltage 


VsBL 

In STANDBY 

0.0 

— 

0.3 

V 

MUTE 


Vmuted 

Muted 

0.8 

— 

Vcc 

V 

Pin Control Voltage 


Vmutel 

Normal 

0.0 

— 

0.2 

V 

INHIBIT (INH) 


ViNHH 

Normal 

0.8 


Vcc 

V 

Pin Control Voltage 


Vinhl 

Compression/Expan¬ 
sion Inhibited 

0.0 


0.2 

V 
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Edition 2.0 


FUJITSU 


DATA SHEET 


MB4513 

TELEPHONE 1C 


TELEPHONE 1C 

(SPEECH NETWORK, TONE RINGER, FILTER) 

The Fujitsu MB4513 has an on-chip speech network circuit, filter circuit, and toneringer 
circuit. The MB4513 is intended to be used with dialer IC's (MB87003/4, MB87007A/8A, 
MB87029) to produce a telephone which can be connected to a rotary dial line or push 
button line. 

• On-chip speech network circuit, filter circuit and tone ringer circuit 


• Uses a ceramic piezoelectronic transmitter and receiver 


• Reception amplifier adopts BTL (Balanced Transformer Less) circuit 

• Three selections of tone by the external switches 

• Connectable to pulse or DTMF lines 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Parameter 

Symbol 

Value 

Unit 

Speech 

Supply Voltage 

Vl 

20 

V 

Supply Current 

I L 

150 

mA 

Tone Ringer 

Supply Voltage 

Vtr 

20 

V 

Supply current 

I TR 

7 

mA 

Operating Ambient Temperature 

Ta 

—30 to 60 


Storage Temperature 

T STG 

-55 to 125 

B 


PLASTIC PACKAGE 
DIP-48P-M01 

PLASTIC PACKAGE 
DIP-48P~M02 



PLASTIC PACKAGE 
FPT-48P-M02 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
irrpedance circuit._ 


Copyright© 1990 by FUJITSU LIMITED 































MB 4513 


PIN ASSIGNMENT 


G 

Fin 

Fi 

F2 

F3 

F4 

Four 

Ri 

R2 

RMV 

RIN 

RPO 

RPC 

Vcc 

SPBA 

SP1 

SP2 

SPO 

SPC 

SP1 

Vll 

LS 

PRV 

TH 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 


TOP VIEW 


48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 


X2 

Xl 

TS1 

TS2 

TTH 

S2 

Si 

TGT 

TV1 

HAU 

TV2 

TRIM 

MUTE 

N.C 

ACG 

TPO 

Tin 

TPF 

TMB 

TMC 

TME 

TMV 

Vl 

G 


(DIP-48P-M01) 

(DIP-48P-M02) 



{FPT-48P-M02) 
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BLOCK DIAGRAM 


TV2 TGT 
TV1 TTH 


Xi X2 


TS2 

TS1 HAU 


Note : The pin numbers correspond to QFP package. 



<36) Si 

S2 
MUTE 

Fin 
Fi 

F3 


Cu Four 


-(26) Tin 


^ RMV 
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MB 4513 


DC CHARACTERISTICS 


Parameter 

Symbol 

Condition 


Values 

Unit 


iL(mA) 

Min 

Typ 

Max 

Vl Voltage 

Vl 

MUTE: OFF 

20 

1.9 

WBM 

lEBii 

V 

90 

5.0 

6.2 

IBSli 

V 

Vl Voltage 

Vl 

MUTE: ON 

20 

W 


4.4 

V 

90 

5.3 

■a 

8.0 

V 

Supply Voltage 

Vcc 

During Speech 

20 

1.4 

1.7 

2.0 

B 


AC CHARACTERISTICS 




Condition 

Values 


Parameter 

Symbol 


iL(mA) 

Freq 

(kHz) 

Min 

Typ 

Max 

Unit 




30 

1.0 

400 

600 

800 

n 

AC Impedance 

Ztel 


90 

1.0 

Transmit 

Voltage Gain 

Gtv 

ViN = -50 dBm 

30 

1.0 

42 

45 

48 

dB 

Transmit 

Vtd 

DIS > -20 dB 

30 

1.0 

CM 

1 

2.5 


dBV 

Dynamlo Range 

90 

1.0 

0 

8 


Reception Voltage Gain 

Grv 

ViN = -50 dBm 

30 

1.0 

38 

43 

46 

dB 

Reception 

Vrd 

DIS > -20 dB 

30 

1.0 

-3 

4 


dBV 

Dynamic Range 

90 

1.0 

-1.0 

7 



Lrp 

ViN = -50 dBm 

Lrp= Grv (30mA) 
-Grv (90mA) 

30 

1.0 



9 

dB 

Reception Pad Loss 

90 

1.0 

3 

6 

Speaker Gain 

Gsv 

ViN = -70 dBm 

30 

1.0 

61 

67 

73 

dB 

Speaker 

Dynamic Range 

VsD 

DIS > -20 dB 

30 

1.0 

3 

8 


dBV 

1 _ 
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MB 4513 


AC CHARACTERISTICS (Cont’d) 


Parameter 

Symbol 

Condition 

Values 

Unit 


iLfmA) 

Freq 

(kHz) 

Min 

Typ 

Max 

Filter Input * 

Output 

Characteristics 

LF1 

V IN = -40 dBm 

30 

0.5 

17 

20 

23 

dB 

LF2 

1.0 

17 

20 

23 

LF3 

3.0 


12 

20 

LF4 

6.0 


-7 

5 

LF5 

12.0 


-21 

-9 

Tone Ringer 

Start Current 

I TR 

Load = 47 nF 



1.0 

1.7 

30 

mA 

Tone Ringer 

Output Voltage 

Vtr 

Load = 47 nF 

Itr =5 mA 



19 

21 


dBV 

Tone Ringer Tone ** 


Load = 

47 nF 

Itr = 

5mA 

HAU 

TS1 

TS2 

Tone 

FI 

Open 

Open 

Open 

(1024, 819) 8 H 2 warble frequency 

F2 

Close 

Open 

(1024, 819) 16Hz warble frequency 

F3 

Open 

Close 

(1024, 1365) 8 Hz warble frequency 

F4 

Close 

Close 

1024 

F5 

Close 



(1024, 1365) 8 Hz warble frequency 


Note : * LF VOUT - ViN 

: ** Provides a tone signal that shifts between warble frequency at 8Hz or 16Hz. 
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MEASUREMENT CIRCUIT 
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GRV (dB) Ztel (fl) Vl, Vcc (V) 


MB 4513 


TYPICAL CHARACTERISTICS CURVES 


SUPPLY VOLTAGE VS. SUPPLY CURRENT AC IMPEDANCE VS. SUPPLY CURRENT 



IL (mA) 


AC IMPEDANCE VS. FREQUENCY TRANSMIT GAIN VS. FREQUENCY 



0.1 0.2 0.3 0.5 1 2 3 5 10 0.1 0.2 0.3 0.5 1 2 3 5 10 


f (kHz) f (kHz) 


RECEPTION GAIN VS. FREQUENCY RECEPTION GAIN VS. SUPPLY CURRENT 



f (kHz) 
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Lf (dBm) Gsv (dB) 


MB 4513 


TYPICAL CHARACTERISTICS CURVES 


SPEAKER GAIN VS. FREQUENCY 



DYNAMIC RANGE VS. SUPPLY CURRENT 



0 20 40 60 80 100 

IL (mA) 


FILTER RESPONSE 


TONE RINGER OUTPUT VOLTAGE VS. 
TONE RINGER INPUT CURRENT 



0.1 0.2 0.3 0.5 1 2 3 5 10 20 

f (kHz) 



0 1 2 3 4 5 6 


ITR (mA) 
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PACKAGE DIMENSIONS 


48-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-48P-M0I) 


INDEX-1 

/ 


5 0 

INDEX-2 

c/ 

O 



. 010±.002 j 
(0.25±0.05) 


207(5.25) MAX 
.118(3.00) MIN 


^ •070(1.778) .070+ 007 -018+ .004 .020(0.51) MIN 

MAX (1.778 + 0.18) (0.45±0.10) 

•-1.610(40.894) REF -— 


©1988 FUJITSU LIMITED D48002S-3C 


Dimensions in 
inches (millimeters) 


8-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-48P-M02) 


-2.3721-V5(60.25I^^^)- 


.543±.010 
(13.80±0.25) I 

1 .600(15.24) 

TYP 



L_Lyi 

OlOi.OO^ 

(0.25±0.05) 



.195(4.96) MAX 
.118(3.00) MIN 


.018 ±003 
(0.45 ±0.08) 


©1988 FUJITSU LIMITED D48003S-3C 



Dimensions in 
inches (millimeters) 
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DATA SHEET 


MB4518 

TELECOMMUNICATION CIRCUIT 


FUJITSU 


The MB4518 provides many of the major speech circuit functions of the telephone 
handset. Additional features include a level expander circuit to minimize ambient 
acoustic noise interference and an on-chip amplifier with speaker-drive capability. 
Combined with general-purpose dialer and tone-ringer ICs, the MB4518 provides all of 
the basic handset functions. 

The MB4518 easily interfaces with microprocessors designed for telephone handset 
control to provide microprocessor-controlled speaker level, transmitter muting, and 
side-tone level adjustments. The sidetone level adjustment circuit detects loop current 
levels and switches between two balance networks for proper sidetone level. 


• On-chip power amplifier drives an 8 Q speaker 

• Transmit level expander 

• Simple receive level boost 

• Balanced transmitter input for improved noise rejection 

• Drives low-impedance receiver (dynamic receiver) 

• Switchable balance network for optimum side-tone level 

• Loop-current monitoring automatic gain control (automatic pad function) 

• Low loop current drain (L* 5 mA) 

• Superior branching properties 

• Gain and frequency characteristics adjustable by external resistor and capacitor. 

• Simple telephone microcomputer interface 

• Available in 28-pin shrink dip and fiat packages 


ABSOLUTE MAXIMUM RATINGS (See NOTE) (Ta = +25“C) 


Bating 

Symbol 

VahJO 

Unit 

Supply voltage 

Vl 

18 

IBI 

Supply current 

II 

120 

mA 

Operating temperature range 

Top 

-30 to +60 


Storage temperature range 

Tstg 

-55 to+125 



4 ^ 

PLASTIC PACKAGE 
(DIP-28P-M03) 



PLASTIC PACKAGE 
(FPT-28P-M01) 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


This device contains circuitry to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions 
be taken to avoid application of any voltage higher than 
maximum rated voltages to this high Imp^ance circuit. 


Copyright© 1991 by FUJITSU LIMITED 
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MB4518 


PIN FUNCTIONS 


I P\nm. 


iiiiiii 

.. 

■ 

GND 

- 

Chip ground. 

Connected to the (-) side of an external diode bridge connected to the subscriber loop. 

2 

Vcc 

■ 

Power supply pin. 

Supplies power to the chip circuits. Coupled from the loop (AC-grounded) by an 
external capacitor. 

3 

RPI 

■ 

Receive preamplifier input. 

Connected to the receive input through an external coupling capacitor. 

■ 

RPO 

o 

Receive preamplifier output. 

The receive preamplifier gain and frequency compensation are externally adjusted with 
a resistor and capacitor connected between this pin and the RPI pin. 

5 

VREF 

- 

Reference voltage pin. 

Connected to the internal reference voltage and AC-grounded through an external 
capacitor. 

6 

PADC 

- 

Pad Insertion control. 

Start-up current for the pad insertion control is adjusted by connecting an external 
resistor to this pin. 

■ 

RGU 

■ 

Simple receive gain control. 

Grounding this pin increases the receive preamplifier gain by about 6 dB. 

Normally left open. 

8 

RBO 

o 

Receive buffer output. 

Connected to the Ri and SPI pins through external coupling capacitors. 

9 

SPSW 

■ 

Speaker defeat switch. 

When this pin is open, the speaker is connected; when grounded, the speaker is 
disconnected. 

10 

Rl 

■ 

Receive main amplifier input. 

The receive signal is coupled to this pin from the RBO pin by an external capacitor. 

11 

RO 

o 

Receive main amplifier output. 

Connected to a low-impedance receiver by an external coupling capacitor. 

Some receivers may require a shunt capacitor to prevent oscillation. 

12 

SPREF 

— 

Speaker circuit reference voltage pin. 

Reference voltage pin for the speaker and receive output circuit. 

AC-grounded through an external capacitor. 

13 

VSP 

“ 

Speaker amplifier power supply pin. 

The speaker amplifier receives power from this pin. 

The speaker power supply can be coupled at this point by an external capacitors. 

14 

SPO 

o 

Speaker output. 

Connected to an 8 ft speaker through an external capacitor. 

Some applications may require a speaker shunt capacitor to prevent oscillation. 
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MB4518 


Pin No, 

' Syiiibpt 

uo 

Description 

15 

SPGND 

- 

Speaker amplifier ground. 

This pin must be connected to the circuit network ground. 

16 

SPI 

1 

Speaker amplifier input. 

Connected to the RBO pin through an external capacitor and resistor for adjustment of 
speaker amplifier gain and frequency compensation. 

17 

SPH 

- 

Speaker circuit power control. 

The speaker power supply circuit is connected to the speaker amplifier input (VSP) 
through an external network which can be adjusted to control chip power consumption. 

18 

VL 

1 

Line input. 

Connected to the (-h) side of an external diode bridge connected to the subscriber loop. 

19 

TOE 

o 

Transmit main amplifier output. 

Connected to the emitter of the transmit transistor. 

20 

MFIN 

1 

DTMF signal input. 

Connected to the base of the transmit output transistor. 

The input impedance is about 24 kQ. 

During voice transmission this pin must be open. 

21, 

BN1, 

_ 

Balance network pins. 

22 

BN2 


Used for connection of external balance networks. 

BN1: Short loop, BN2: Longloop 

23 

BNC 

- 

Balance network switching control. 

An external resistor is connected between this pin and Vcc or ground to adjust the BN1 
and BN2 switching current. 

24 

EXR 

- 

Level expander reference voltage pin. 

Reference voltage pin for the control of the level expander. 

Connecting an external capacitor holds the positive peak voltage level. 

25 

EXC 


Level expander control. 

Control pin for the level expander. 

Connecting an external capacitor holds the negative peak voltage level. 

When grounded, this pin disables the expander function. 

26 

MUTE 

— 

Muting. 

Grounding this pin suppresses output to the loop. 

During communication this pin must be left open. 

27, 

Til, 

1 

Transmit preamplifier input. 

28 

TI2 


Connected to the transmitter through external coupling capacitors. 

The input is balanced. TI1 Is the noninverting input and T12 is the inverting input. 
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MB4518 


BLOCK DIAGRAM 


SPREF SPI Rl RBO RGU RPO RPI 



EXC EXR MUTE MFIN 
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MB4518 


RECOMMENDED OPERATING CONDITIONS 


(Ta = +25“C) 


Pawmetor 

Symbol 

Valua 

Unit 

Supply voltage 

Vl 

12 

V 

Supply current 

II 

20 to 120 

mA 


7 
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MB4518 


ELECTRICAL CHARACTERISTICS 


(lA.+as-C) 


Parameter 


Maaaurartiamf cdinditka^a 

_1 

Valua j 

mil 

;>ynipoi 

it Mi km 

ISM 

iliii 

^9 

liHil 

Handset DC voltage 

Vu 


20 

2.9 

3.2 

3.5 

D 

mnn 


90 

■a 

6.5 

■1 

D 

Supply voltage 

Vcc 

- 

20 

1.3 

1.6 

1.9 

D 

Handset AC impedance 

Zmi 


30 

500 

600 

700 

a 

ZtEL2 


90 

500 

600 

700 

Q 


Gtvi 

ViN--50dBV 

30 

38.0 

41.0 

44.0 

dB 

Transmit circuit gain 

GtV2 

Vw»-50dBV 

90 

36.5 

39.5 

42.5 

dB 


AGtv 

AGtv » Gtv (Vjn * —50 dBV) 
-GTv(V,N = -65dBV) 

30 


B 

10.0 

dB 

Transmit circuit dynamic 
range 

Dti 

Distortion attenuation: > 20 dB 

30 

-0.5 

2.5 

- 

dBV 

Dt2 

90 

■a 

m 

- 

dBV 

Transmit circuit residual 
noise 

NT* 

- 

■ 

■ 

m 

-56 

dBV 

Receive circuit gain 

Grvi 

Vw«-^0dBV 

30 

-8.0 

-5.0 

-2.0 

dB 

GrV2 

Vp,«~ 30 dBV 

90 

-13.0 

-10.0 

mnii 

dB 

Receive circuit gain 
increase 

Grup 

Vw = -30 dBV 

30 

4.0 

6.0 

8.0 

dB 

Receive circuit dynamic 
range 

Dri 

Distortion attenuation: ^ 20 dB 

30 

-15.0 

-12.0 

- 

dBV 

Dr2 

90 

-10.5 

ma 

- 

dBV 

Speaker circuit gain 

n^nmii 

Vw=-30dBV 

30 

■g 

■1 

10.0 

dB 

GsV2 

Vw = -30 dBV 

90 

0.0 

HIQQI 

6.0 

dB 

Speaker circuit dynamic 

Dsi 

Distortion attenuation: ^ 20 dB 

30 

-22.0 

-19.0 

- 

dBV 

range 

Ds2 

90 

-11.5 

-8.5 

- 

dBV 


Ifn 

Far near 

- 

43.0 

55.0 

70.0 

mA 

Balance network switching 

Inf 

Near far 

- 

32.5 

42.5 

52.5 

mA 


Ih 

Hysteresis width 

- 

9.0 

12.5 

27.5 

_ 1 

mA 


*: Design guaranteed 
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MB4518 


TEST CIRCUITS 


• Test circuit 



7-38 













IL : Current source (AC impedance > 60 ki2,1 kHz, 30 mA) 
: DC voltmeter 


• Balance network switching U : When IL increases from 30 mA to 70 mA 

IL (mA) for which VBN2 increases from 1.5 V to 3.5 V or more 
Inf : When IL decreases from 70 mA to 30 mA 

IL (mA) for which VBN1 decreases from 3.5 V to 1.5 V or less 

Note: The tolerance of the load impedance for each pin shall be ±1%. (All test circuits) 


• Transmission characteristics test circuit 



: Oscillator (Output impedance and DC resistance < 4 ft at 1 kHz) 

IL ; Current source (AC Impedance > 60 kfi, 1 kHz, 30 mA) 

@ : AC voltmeter 

Transmit circuit gain: Gtv (dB) = 20 Log V3/V1 (oscillator 1) 

Gmfv (dB) = 20 Log V3/V2 (oscillator 2) 

• Dynamic range : The distortion attenuation with the output signal level fixed is at least 20 dB. 

• Residual noise : Measure the transmit output signal level with no transmit input signal. 
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MB4518 


• Receive characteristics test circuit 



o : Oscillator (Output impedance and DC resistance < 4 Q, f» 1 kHz) 

IL : Current source (AC impedance ^ 60 kO, 1 kHz, 30 mA) 

; AC voltmeter 

Receive circuit gain: Grv (dB)« 20 Log V4A/3 

• Gain boost : Measure the V3 AC signal level boost when SW1 is closed. 

• Dynamic range : The distortion attenuation with the output signal level fixed is at least 20 dB. 


• Speaker characteristics test circuit 



: Oscillator (Output impedance and DC resistance < 4 Q, f« 1 kHz) 

IL : Current source (AC impedance s 60 kO, 1 kHz, 30 mA) 

: AC voltmeter 

Speaker system gain: Gsv (dB) * 20 Log VSNS (SW2 open) 

• Dynamic range : The distortion attenuation with the output signal level fixed is at least 20 dB. 
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MB4518 


• Test circuit components 


f^efermce Designation 

Component 

Values 

Remarks 

R1 

Resistor 

82 Q F, 1/8 W or more 


R2 

Resistor 

820 ftp, 1/16 W or more 


R3 

Resistor 

2.4 ka F, 1/16 W or more 


R4 

Resistor 

8.2 kii F, 1/16 W or more 


R5 

Resistor 

1.5ki2F, 1/16 W or more 


R6 

Resistor 

6.2 ki2 F, 1/16 W or more 


R7 

Resistor 

5.6k£2F, 1/16 W or more 


R8 

Resistor 

680 t2F, 1/16 W or more 


R9 

Resistor 

5.6knF, 1/16 W or more 


R10 

Resistor 

27kQf, 1/16 W or more 


R11 

Resistor 

10 Q F, 1/8 W or more 


R12 

Resistor 

8 Q F, 1/8 W or more 

Speaker 

R13 

Resistor 

150QF, 1/16 W or more 

Receiver 

R14 

Resistor 

20 ka or more F, 1/16 W or more 


C1 

Capacitor 

0.027 pF, 16 V or more, ±1% 


C2 

Capacitor 

0.015 pF, 16 V or more, ±1% 


C3 

Capacitor 

220 pF, 5 V or more, ±5% 


C4 

Capacitor 

100 pF, 3 V or more, ±5% 


C5 

Capacitor 

2.2 pF, 3 V or more, ±1% 


C6 

Capacitor 

2000 PF,3 Vor more, ±1% 


C7 

Capacitor 

2.2 pF. 5 V or more, ±5% 


C8 

Capacitor 

2.2 pF, 5 V or more, ±5% 


C9 

Capacitor 

2.2 pF, 5 V or more, ±5% 


C10 

Capacitor 

1000 pF, 5 V or more, ±5% 


C11 

Capacitor 

220 pF, 3 V or more, ±5% 


C12 

Capacitor 

2.2 pF, 3 V or more, ±5% 


C13 

Capacitor 

100 pF, 3 V or more, ±5% 


C14 

Capacitor 

100 pF, 3 V or more, ±5% 


C15 

Capacitor 

0.47 pF, 3 V or more, ±5% 


C16 

Capacitor 

2.2 pF, 3 V or more, ±1 % 


C17 

Capacitor 

2.2 pF, 3 V or more, ±1% 


C18 

Capacitor 

2.2 pF, 5 V or more, ±1% 


C19 

Capacitor 

2.2 pF, 5 V or more, ±1% 
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MB4518 


TYPICAL CHARACTERISTIC CURVES 



7-42 






MB4518 





7-43 





MB4518 






PACKAGE DIMENSIONS 


28-LEAD PLASTIC FLAT P 

(Case No. : FPT-28P-M0I) 



"A" 



MB4518 
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June 1991 


cP 


---.:: DATASHEET 

MB4752A 

Subscriber Line Interface 1C 


FUJITSU 


The Fujitsu MB4752A is designed for PBX (Private Branch Exchange), and has 
battery feed, supervision, and 4-wire'-to-2-wire conversion functions. 

The battery feed mode can be set to a 200 x 2 or 440 x 2 constant feed resistor by 
using the terminal connection. 

The subscriber line interface circuit is used for digital PBX and CO. This device can 
be used worldwide to achieve high longitudinal balance with 4W-to-2W gain and 
characteristics by adjusting the external resistor. 


• 440 O X 2/200 Q X 2 feeding resistance 

• Loop detection function 

• Line fault protection 

• Hybrid function (4-wlre to 2-wire conversion function) 

• Ring trip comparator 

Balancing impedance is selected by external parts 

• Digital output terminal has open-collector output with a pull up resistor 

• 28-pad LCC package: (Suffix: -TV) 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Note 

Power Supply 
Voltage 

Vbb 

-60 to+0.5 

V 

Referenced to GND 

Vcc 

-0.5 to +7 

V 

Referenced to E 

Vee 

-7 to+0.5 

V 

Veg 

-7.5 to +0.5 

V 

Referenced to GND 

input Voltage 

Va 

Vbb -0.5 to +0.5 

V 

Referenced to GND 

Vb 

Vqb “0.5 to +0.5 

V 

RTPA 

Vbb “0.5 to Vbb +30 

V 

RTPB 

-30 to +0.5 

V 

V4W 

Vee- 0.5 toVcc+0.5 

V 

Referenced to E 

Storage 

Temperature 

Tstg 

-55 to+150 





Note; Permanent device damage may occur if absolute maximum ratings 
are exceeded. Functional operation should be restricted to the condi¬ 
tions as detailed in the operation sections of this data sheet. Expo¬ 
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


The device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 


© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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Figure 1. MB4752A Block Diagram 
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MB4752A 


PIN DESCRIPTION 


Pin No. 

Symbol 

Description 

1 

NC 

No Connection 

2 

CA 

High-impedance capacitor pin. A capacitor is connected between this terminal and CB 
terminal. AC impedance of Battey Feed circuit is made up to high impedance by this 
external capacitor. 

3 

A 

440 Q battery feed for line A 

4 

A^ 

200 Q battery feed for line A 

5 

NB 

Base drive output for the NPN power transistor 

6 

NE 

Emitter current sensing input for the NPN power transistor 

7 

Vbb 

Most negative voltage supply, -48 V 

8 

RTPA 

Ring-trip input for line A 

9 

NC 

No Connection 

10 

ZT 

4 W to 2 W transformation impedance 

11 

Vo 

4 W to 2 W gain setting resistor input 

12 

Rf 

4 W to 2 W gain setting resistor input 

13 

Vee 

Negative voltage supply, -5 V 

14 

4W 

4-wlre input 

15 

E 

Ground 

16 

NC 

No Connection 

17 

SCNA 

SCN detecting output for line A 

18 

SCNB 

SCN detecting output for line B 

19 

Vcc 

Positive voltage supply, +5 V 

20 

NC 

No Connection 

21 

RTPB 

Ring trip Input for line B 

22 

Z 

Compensation capacitor input 

23 

G 

Ground 

24 

PE 

Emitter current sensing input for the PNP power transistor 

25 

PB 

Base drive output for the PNP power transistor 

26 

B^ 

200 Q battery feed for line B 

27 

B 

440 ^2 battery feed for line B 

28 

CB 

High-Impedance capacitor pin. A capacitor Is connected between this terminal and CB 
terminal. AC impedance of Battery Feed circuit is made up to high impedance by this 
external capacitor. 
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MB4752A 


FUNCTIONAL DESCRIPTION 
Battery Feed 

By selecting connection A, B or A^ B\ balanced feeding resistance of 440 Q. for PBX or 200 Q for CO application is selected. 

Loop Detection 

The digital signal output indicates the handset condition as off the hook, both the SCNA and SCNB terminals simultaneously, by 
detecting the current that is generated when the handset Is off the hook. 

Line Fauit Protection 

Line fault protection outputs the signals when line A or B is short circuited to SCNA and SCNB, respectively. 

When excess current flows, arrester provides system protection, and DC feeding resistance becomes six times as large asthe normal 
value. As a result, current decreases. 

Hybrid (Four-to-two wire conversion) 

As for the communication channel, the telephone switching system has a four-wire line internally, and the telephone set system has a 
two-wire line. This device also has a built-in four-wire to two-wire converter. The two-wire to four-wire converter contains external 
common industrial operational amplifier. 

Ring Trip Comparator 

It is necessary for the electrical telephone switching system to detect that the receiver is on the hook during a calling signal. 

Ring trip detection is performed by connecting external low pass filter to the input RTPA or RTPB terminal. The output signal is 
superimposed on the trip supervise SCA when the handset Is on the hook. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 



Note 



Vbb 

-48±5 

V 

Referenced to GND 

Power Supply Voltage 

Vcc 

5.0 ±0.25 

B3II 

Referenced to E 



Vee 

-5.010.25 

V 




Veg 

-0.5 to +0.5 

V 

Referenced to GND 


440 Q. Feeding Loop Resistor 

Rl 

0 to 1200 

a 

Line resistor + 

2W 

200 Q Feeding Loop Resistor 

Rl 

0 to 1900 

Q 

terminal resistor 


Low Frequency Inductive Current 

Iac 

0 to 6.4 

mArms 

Single line current f = 50/60 Hz 

4W 

Input Offset Voltage 

Vrcs 

-0.2 to 0.2 

V 



Input Voltage 


7.0 

dBm 


Operating Temperature 

Top 

5to70 
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DC CHARACTERISTICS 

(Recommended operating condition unless otherwise noted.) 
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DC CHARACTERISTICS (Continued) 

(Recommended operating condition unless otherwise noted.) 


Parameter 

Symbol 

Condition 

Min. 


Max. 

Unit 



Iai 

Vb«-24V 


47.5 

54 

65 

BSEH 

Power Supply Current 


mm 

Va = Vbb+24V 


-65 

-54 


BEI 

440 Q Feeding Mode 


Ia2 

Vb = -10V 

Vbb =-48 V 

16.8 

21 

26.5 

mA 



HBl 

Va = Vbb+10V 

Vcc-5.0V 

-26.5 

-21 

-16.8 

mA 



IIIIIIIB9IIIIIIII 

Vb»-24V 

Vee = -5.0 V 

72.5 

83 

91.4 

mA 

Loop Supply Current 


Ib3 

Va = Vbb+24V 

> 

o 

II 

a 

-91.4 

-83 

-72.5 

mA 

200 Feeding Mode 


Ia4 

Vb = -10V 


35.7 

46 

58 

mA 



•84 

Va = Vbb+10V 


-58 

-45 

-35.7 

mA 

Line-Fault Drooping Current 

•PG1 


Vbb = —53 V 

, — 

22 

28 

mA 

440 Q Feeding Mode 


IPB1 

Vb = Vbb 

Vcc = 5.0V 

-28 

-22 


mA 

Line-Fault Drooping Current 

•PG2 


Vee = -5.0 V 

— 

29 

36 

mA 

200 Q Feeding Mode 


jHIQ^IIIII 

Vb = Vbb 

o 

II 

o 

< 

-36 

-29 

— 

mA 

Loop 

Detection 

•0N1 

Vbb =-43 V 

Vcc = 5.0V 

11.1 

12.4 

14.2 

mA 

Detection 

Release 

•OFFI 


Vee =-5.0 V 

10.4 

11.5 

13.4 

mA 

Current 

Detection 

•oN2 

Vbb =-53 V 

< 

m 

O 

II 

O 

< 

14.4 

16.0 

18.1 

mA 


Release 

•0FF2 



13.4 

14.8 

16.6 

mA 

Ring Trip Detection Volt. 

RTPA 


On-hook 


-44 

-^3.3 

-42.5 

V 


RTPB 

VrD2 

On-hook 


-5 

-4.4 

-4 

V 

Line-Fault Detection Volt. 

Line A to GND 



Vbb = -48 V 

24 

26.5 

30 

V 

200 Q. Feeding Mode 

Line B to Vbb 

m 

Va = Open 

Vcc = 5.0 V 

24 

26.5 

30 

V 

Line-Fault Detection Volt. 

Line A to GND 

VgD2 

Vb = Open 

Vee =-5.0 V 

11 

15.5 

21 

V 

440 Q Feeding Mode 

Line B to Vbb 


Va = Open 

> 

o 

II 

o 

> 

11 

15.5 

21 

V 

Line-Fault SCN 

SCNA 

•ma 

Vb = Vbb 


3.3 

4.4 

5.9 

mA 

Mask Current 

SCNB 


Va = 0V 


-5.9 

-4.4 

-3.3 

mA 

SCN Output 

SCNA 

VoLA 

1 = 1.2 mA 


— 

0.02 

0.4 

mm 

Low Voltage 

SCNB 

VoLB 

Vcc= 5.25 V 
On-hook 

Vbb =-48 V 

— 

0.02 

0.4 

V 

SCN Output 

SCNA 

VOHA 

I = -50mA 

Vee = -5.0 V 

2.4 

3.8 

— 

V 

High Voltage 

SCNB 

VoHB 

Vcc.-^.75V 

Off-hook 

Veg = 0V 
Ref. to E 

2.4 

3.8 

— 

V 


Note: Unless RTPA terminal is in use, it must be connected to Vbb. 
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AC CHARACTERISTICS 

(Recommended operating condition unless otherwise noted.) 


Parameter 

Symbol 

Condition 

Min. 

Typ. 

Max. 

Unit 

4Wto2WGaln 

G 42 

L = +4dBm,f = 1kHz 

-5.4 

-4.4 

-3.4 

dB 

4 W to 2 W Gain Frequency Response 

Gf42 

f = 0.2 kHz 

Referenced 

to output at 

f = 1 kHz 

L = -10dBr 

-0.1 

+0.07 

— 

dB 

I - 0.3 kHz 

-0.1 

+0.04 

+0.2 

dB 

f = 0.4 kHz 

-0.1 

+0.02 

+0.2 

dB 

f» 0.6 kHz 

-0.1 

0 

+0.2 

dB 

f-2.4 kHz 

-0.1 

-0.01 

+0.2 

dB 

f = 3.0 kHz 

-0.1 

-0.01 

+0.2 

dB 

f = 3.4 kHz 

-0.1 

-0.01 

+0.2 

dB 

4 W to 2 W Gain Level Linearity 

Gl42 

L = +3 dBr 

Referenced 

to output at 

L = -10dBr 
f = 1 kHz 

-0.1 

0 

+0.1 

dB 

L = -40 dBr 

-0.1 

0 

+0.1 

dB 

L = -50dBr 

-0.2 

0 

+0.2 

dB 

idle Channel Noise 

N ,2 


— 

-94 

-76 

dB 

4Wto2W 

Signai/Noise Ratio 

SN 42 

L-OdBr 

f = 1 kHz 

50 

57 


dB 

L = -30dBr 

46 

61 

__ 

dB 

L = -40 dBr 

36 

52 

__ 

dB 

L = -45 dBr 

31 

47 

— 

dB 

Longitudinal Balance 

Lb2W 

f = 0.3 kHz 

Adjust 

REA 

48 to 53 Q 

43 

60 

— 

dB 

f=1.0 kHz 

43 

60 


dB 

f = 3.4 kHz 

43 

60 

— 

dB 

Power Supply 

Noise Rejection 

Vbb to 2 W 

PsRB 

L = 0.24 Vrms 

f = 1 kHz 

20 

39 

— 

dB 

Vccto2W 

PSRC 

20 

41 

' 

— 

dB 

VEEt0 2W 

PSRE 

20 

55 

— 

dB 

VEGt0 2W 

PSRR 

20 

43 

— 

dB 


Note: Unless RTPA terminal is in use, it must be connected to Vbb. 
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SCN Logical Table 


input Condition 

SCNA 

SCNB 

Note 


Loop Detection 

•l < ioN 

L 

L 

II*. Loop Current 

Loop Detection 

(Off-hook to On-hook) 

II > ioN 

H 

H 

Ion: Ioni, Ion2 


Loop Release 

•l < loFF 

H 

H 

bpF: loFFI. loFF 2 


(On-hook to Off-hook) 

II > loFF 

L 

L 

See DC Characteristics 


RTPA input 

VrtpA<Vrdi 

L 

L 

Vrtpa: RTPA Input Volt. 

Ring Trip Detection 


VrtpA>Vrdi 

H 

L 

Vrtpb: RTPB Input Volt. 


RTPB input 

VrtpB < Vrd2 

L 

L 

Vrdi: See DC Char. 



VrtPB>Vrd2 

H 

L 

Vrd2: 



iA+IB<ION*2 

L 

L 



Line A to Ground 

IA+IB>ION*2and 

IB<IMB 

H 

L 

lA: Line A Current 

Line-Fault Detection 


lA-f IB>ION *2 and 

IB > IMB 

H 

H 

IB: Line B Current 



IA+IB<iON*2 

L 

L 

IMA: See DC Char. 


Line B to Ground 

IA+iB>ION*2and 
lA < IMA 

L 

H 

IMB: See DC Char. 



IA+lB>ION *2 and 
iA>IMA 

H 

H 



Note: Unless RTPA terminal is in use, it must be connected to Vbb. 

Line Fault Protection 


2 W State 

Feed Mode 

Note 

Line to Ground/VBB 

I VB + (VA-Vbb|<VGD 

Normal Feeding (No Protection) 

VA: Line A Voltage 

VB: Line B Voltage 

VGD, VGD1, VGD2: See 
DC Char. 

1VB + (VA-Vbb|>VGD 

Feeding Resistor (6 times that of normal value) 
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Figure 2. Power Supply Mode (440 Q) 
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Figure 3. Power Supply Mode (200 Q) 



7-56 










January 1990 


— .—.- ■ . DATASHEET 

MB87007A/MB87008A 

DIMF Pulse Dialer 


Fupsu 


The Fujitsu MB87007A/MB87008A is a Dual Tone Multifrequency (DTMF) 
pulse dialer for pushbutton telephone sets. It uses the Si-Gate CMOS 
process and is suitable for both DTMF and PULSE modes. The 
MB87007A/MB87008A can be switched from a PULSE mode to a DTMF 
mode by a mode selection entry or by an input from the keyboard. It has a 
26-diglt redial memory that permits the coexistence of PULSE and DTMF 
modes and enables mixed redialing in both PULSE and DTMF modes by a 
signal key entry. 


Pulse 10 pps, 20 pps, or 
DTMF operation that is 
selected by the mode switch 
pin (MODEIN) 

On-chip 26 digits of redial 
memory (up to 25 digits can be 
written into the memory) 
MB87007A has a make ratio of 
39% and MB87008A has a 
make ratio of 33% 

LDT function is provided 
(switching from PULSE mode 
to DTMF mode by key entry) 

Beep tone for input 
confirmation can be output (for 
all effective key entry 
independently PULSE/DTMF 
modes) 

Mixed redialing of both PULSE 
and DTMF modes is possible 


• Redial inhibit function is 
included for redial memory 
overflow 

• PAUSE function is provided 
and pause accumulation is 
possible 

• FLASH function is provided 
(ONHOOK mbde is selected 
by keyboard input) 

• Crystal or ceramic oscillator 
(3.579545 MHz) can be used 

• Pause release function is 
provided (two or more 
consecutive pauses can be 
released) 

• Operating voltages: 

PULSE mode: 2.0 V to 6.0 V 
DTMF mode: 2.5 V to 6.0 V 
(TA = -30to60X) 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Pin Name 

Value 

Unit 

Power Supply Voltage 

Vdd 

Vdd 

GND-0.3to7.0 

V 

Input Voltage 

VI 

All inputs 

GND-0.3 to Vdd + 0.3 

V 

Ouput Voltage 

VO 

All outputs 

GND - 0.3 to Vdd + 0.3 

B 

Storage Temperature 

Tstg 


—55 to +150 

B 



PIN ASSIGNMENT 

Vdd —pT 

o 

_ DTMF/ 
iiJ BEEPOUT 

CDCT—[T 


jTJ —RDWT 

CDC5—[T 


T6l*-ROW2 

COL3->r~4 


T5|«»-R0W5 

CDE?—[T 


T41*-RQW4 

MODEIN-[T 


13]->pulsequt 

modeout-[T 


]|]-HKS 

osciN 


TTI—Mi-Ite 

oscout-^[T 


GND 

(DIP-18P-M02) 


FPT PIN ASSIGNMENT 


See Page 6-88 


Note: Permanent device damage may occur If absolute maximum ratings 
are exceeded. Functional operation should be restricted to the con¬ 
ditions as detailed in the operation sections of this data sheet. Ex¬ 
posure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


This device contains circuitry to protect the inputs against damage due 
to high static voltages or eiectric fields. However, it is advised that 
normal precautions be taken to avoid ^iication of any voltage higher 
than maximum rated voltages to this high impedance circuit. 


© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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Figure 1. MB87007A/MB87008A Block Diagram 
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PIN DESCRIPTIONS 


Symbol 


VoD 




Power supply voltages: Pulse mode 2.0 V to 6.0 V 
DTMF mode 2.5 V to 6.0 V 
Memory Retention mode 2.0 V min. 


Uses key entries from 2 of 7 or 2 of 8 keyboard with common GND. This 1C is 
available with a single contact from A type key board and electronic input (Low 
entry). 

Key input debouncing time is 23 ms typ. for both PULSE and DTMF modes. 
Key input release guard time is 23 ms typ. for both PULSE and DTMF modes. 
Key entry is accepted in PULSE/DTMF mode only when a single key (one key on 
the keyboard) is pressed longer than the debouncing time. If two or more keys 
are pressed, they are not accepted unless they are released one-by-one and the 
last key Is held closed longer than the debouncing time, after all other keys are 
released. 

Key entry is accepted in DTMF mode only wh en eith e r a sin gle key (dual-tone 
key) Is pressed, or two or more keys in the same COL or ROW (single-tone keys) 
are pr essed longer than the debouncing time. If even one key is pressed In 
COL4, the single-tone keys are ineffective. When multiple single-tone keys are 
pressed, if they are released one-by-one, and the last key is held closed longer 
than the debouncing time (after all other keys are released), the key is effective 
as the dual-tone key. 

Hereafter, key entries are described with the premise that keys are held closed 
longer than the debouncing time. 

Pauses between key entries in PULSE and DTMF modes must be 50 ms or 
more. However, up to 50 ms is necessary from key entry to output start for a 
single-tone output. 

Key switch contact resistance up to 5ld2 is allowable. 


This pin selects the pulse 10 pps, 20 pps and DTMF mode. 


Mode 

Setting 

PULSE mode 

10 pps 

Open (1 M Qor more) 

20 pps 

Vdd 

1 DTMF mode 

GND 



When mode switching is requested by MODEIN during PULSE or TONE 
transmission, the request will not be accepted. 

The request is accepted by key entry after data entry transmission is completed. 

In ONHOOK mode, MODEIN is set to a high Impedance state. 

Continued on next page 
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PIN DESCRIPTIONS 

PtnNo. 

I/O DIP FPT Symbol _ Description _ 

Hook switch input pin. 


ONHOOK Mode 

Open or Vdd 

OFFHOOK Mode 

GND 


, ^ 12 15 HKS Output is inhibited in ONHOOK mode and PULSEOOT, DTMF/BEEPOUT, 

MUTE, and MODEOUT are set at a high impedance state. 

All key entries are set to HZ and the on-chip operational amplifier and oscillator 
(OSCIN = L, OSCOUT = L) become power down states. 

This pin is pulled up by a high resistance internally. 

The input level is in the CMOS level. 


8 

10 

OSCIN 

Oscillator input pin. 

This pin is pulled up by a high resistance in ONHOOK mode. 

9 

11 

OSCOUT 

Oscillator output pin. 


This pin is pulled down by a high resistance in ONHOOK mode. 

The output level is in the CMOS level and set to a high impedance state in 
ONHOOK mode. 

7 9 MODEOUT Low level is output in the PULSE mode and high level is output in the DTMF 

mode, including the LDT function. 

MODEOUT blinks on and off at a frequency of 2.5Hz typ., if there is no pause 
before and after mode switching In redial function. 

Independent of PULSE/DTMF modes, the beep tone is output at the BEEPOUT 
when the FLASH key is pressed. The MODEOUT pin is output low level during 
the beep tone output. High impedance of 0.6 second typ. is output following the 
beep tone output. The key acceptance state (OFFHOOK mode) is now entered. 

11 13 MUTE N-channel open drain output. 

The following are MUTE pin HZ conditions during PULSE/DTMF modes. 

1. There is no key entry. 

2. When the FLASH key is pressed, HZ of 0.6 typ. second is output after the beep 
tone is output. 

3. During pause output state. (However, when a key Is pressed, MUTE is low lev¬ 
el while beep tone is being output.) 

4. During MODEOUT blinking. 

After key entries become effective in the PULSE or DTMF modes, the output 
level is low during the beep tone transmission, pulse transmission in accordance 
with effective key entries, and DTMF output transmission. 

13 16 PULSeOUT N-channel open drain output. 

High impedance (HZ) is set in ONHOOK or DTMF modes. 

In PULSE mode, this pin is set low for pulse brakes, according to numerical key 
entries. 

When the FLASH key is pressed in either the PULSE or DTMF mode, a low level 
is output for 600 milliseconds typ. after the beep tone is sent (even during a 
PULSE/DTMF send). The key acceptance state (OFFHOOK state) then returns. 
The make ratio for PULSE output is 39% for MB87007A and 33% for MB87008A. 

Continued on next page 
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PIN DESCRIPTIONS 


yo 

Pin No. 

Symbol 

Description 

DIP 

FPT 


18 

24 

DTMF/ 

BEEPOUT 

The DTMF/BEEPOUT pin is a bipolar emitter follower that can drive a 100 Q load 
between pin and GND. 

In the DTMF mode (exclude Col 4) when a single key (numeric, Q or®) is 
pressed, a dual tone is output. 

Pressing two or more keys in the same ROW or COL on the keyboard outputs the 
signal tone in the ROW or COL. 

However, if a key in COL4 is pressed, DUAL TONE or single tone in the ROW or 
COL is not output (see Electrical Characteristics). 

If the FLASH key is pressed during DTMF sending, the beep tone is output at 
BEEPOUT and subsequent DTMF tones are not output. The ONHOOK mode is 
entered for 600 milliseconds typ. after which, MODEIN and key entries are placed 

In the acceptance state (OFFHOOK mode). 

Beep tone (key entry confirmation tone) is output In PULSE mode. The41 ms typ. 
beep tone (1kHz square wave) is output when the following keys are pressed. 

1. Numerical key entry. 

2. First LDT key entry (subsequent LDT key entries are Ineffective). 

3. Pause key entries: Q or 0 key. (However, if the first key after OFFHOOK Is 
the PAUSE key, the key entry is Ineffective or not accepted.) 

4. Redial key entries: ©or [ RED ]* key. (They are effective only when the redial 
key is the first key after OFFHOOK.) 

5. PAUSE release key entries: Q, ©, or J key. (They are accepted only 

during redialing and effective only when MODEOUT is blinking or at a pause 
time during redialing.) 

6. FLASH key entry: 0 key. (For FLASH key entry, the beep tone is output in 
PULSE and DTMF modes.) 

When two or more keys are pressed simultaneously, that is, double or multiple 
key entries, the key entries are ineffective and the beep tone is not output. If 
DTMF mode tone request is received during a beep tone transmission, the beep 
tone is terminated even though the duration is 41 ms or shorter and DTMF tone is 
output. 

DUAL TONE output time conditions are as follows: 

1. 80 ms typ. for redial output. 

2.80 ms typ. when the key entry time Is within 130 ms typ. and more than the de¬ 
bouncing time. 

3. DUAL TONE output is stopped at once If a key is pressed over 130 ms typ. and 
released. 

4. Signal tone is output from the end of debouncing time until the key is released. 

5. When a beep or DTMF tone is not being output, this pin is placed in a high im- 
oedance state. 


[ RED ] = Redial key 
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FUNCTIONAL DESCRIPTIONS 
Ordinal Dialing 

In the OFFHOOK mode, PULSE/DTMF signals are output according to the key input, regardless of number of key input figures. For the 
PULSE mode, any number of digital entries with keys Oto 9. Forthe DTMFmode, any number of digital entries with keys Oto 9, Q and 

0 . 

Up to 26 digits can be stored in the redial memory. In the PULSE mode, a redial digit is counted for any numeric, pause, and LOT entry. 
In the DTMF mode, a redial digit is counted for any numeric, Q, Q, and © entry. 

in both the PULSE and DTMF modes, one digit is counted as mode information when MODEIN is used for mode switching. After 
OFFHCX)K, the first numeric entry is counted as mode digit. In the PULSE mode the numeric key is counted as a mode digit, in the 
DTMF mode, a numeric key, Q, and Q entry is counted as a mode digit, in either the OFFHOOK or PULSE modes, the 
mode-information digit is written into the redial memory. 

Redialing Function 

The redial memory is read out to execute the redialing operation when a redial key is the first key pressed in OFFHOOK state. In the 
PULSE mode, the redial keys are Q) and 0 . In the DTMF mode, only the I RED ] key Is accepted for redial. 

When 27 or more digits are written into the redial memory, PULSE or DTMF signals that correspond to the key entries are output, but 
the redialing operation Is ineffective because of memory overflow. At this time, even If the first key pressed after the state change from 
ONHOOK to OFFHOOK is the redial key, the entry is not accepted and the beep tone Is not output in either mode of operation. 

After OFFHOOK, if a numeric or LDTkey is the first entry In PULSE mode, or the first entry in the DTMF mode is a numeric, Q, @ or 
a single-tone key entry (excluding COL4), the redial memory is cleared and data is written into memory according to key entry 
information. 

Mixed Redialing 

Mixed redialing is executed when the mode is changed from the PULSE to DTMF mode (done by pressing the LDT key), or when 
MODE is changed during key entries. 

If, at redialing, there is a pause before or after mode switching (including LDT), PULSE/DTMF is sent and PULSE/DTMF signals are 
transmitted after the pause. To redial when there is no pause before or after mode switching (including LDT), ail operations must cease 
after mode switching and a HALT state is enabled. MODEOUT blinks (indicates that mode switching has no automatic pause) and 
prompts a pause release. 

The pause release keys in PULSE mode are Q, [ RED ] , and the © key. In the DTMF mode, the [ RED ) and the © keys are used 
for pause release. PULSE and DTMF signals can now be sent by key entry. The FLASH key, is the only other acceptable entry. 

During redial output, the © key is the only key entry accepted. The pause release key is only accepted when MODEOUT is blinking or 
during a pause at redialing. 

Mode Switching 

During PULSE or TONE transmissions, mode switching by MODEIN is not permitted; after transmission is complete, MODEIN can be 
used for mode switching. 

When PULSE or DTMF modes are switch«^<J by MODEIN, one digit is stored into redial memory as mode information. After 
OFFHOOK, if the first key entry is numeric in the PULSE mode, or a numeric Q or © in the DTMF mode, the mode-information digit 
is written into redial memory. 
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In the PULSE mode, after the LOT key is accepted only one time, the DTMF mode is selected (regardless of MODEIN pin switching). 
The LOT key is not accepted in the DTMF mode. The MODEIN pin switching enables the desired mode of operation to be selected. 

Line Dial Tone (LDT) Function 

If the LDT key is pressed in the PULSE mode, the DTMF mode is selected and DTMF tones can be output. In PULSE mode, only the 
first LDT key is accepted after key acceptance state (OFFHOOK mode) is entered. Once the LDT key Is accepted, the following LDT 
key entries are ignored. 

When the LDT key is used to enter the DTMF mode, all keys (excluding COL4 keys) provide dual-tone and single-tone outputs. (Note: 
If even one COL4 key is pressed, neither dual nor single tones are output.) The mode after that is not switched. If mode switching by 
LDT from memory is done during redialing, key entries after redialing are executed in DTMF mode regardless of the MODEIN state 
and the data is written into the redial memory. However, for effective keys (not the redial key) after ONHOOK changes to OFFHOOK, 
memory is reset and written in the current mode. 

Pause Function 

A pause state can be entered by pause key entry. 

In the PULSE mode, a pause is Introduced by pressing the Q or © keys; in the DTMF mode (including LDT) only the © key Is 
effective. If a pause key is the first key pressed after changing from ONHOOK to OFFHOOK, the entry is not accepted. One pause key 
entry introduces a pause state that is typically 4 seconds; contiguous pause (N X 4 seconds) can be executed by making consecutive 
key entries. The pause can be reduced by entering © or [ REP ) during a redialing pause time. 

In the PULSE mode, the © key is used as a pause release key. Multiple pauses can be sent up to 500 times faster by entering a pause 
release key, that is, N X 4 seconds becomes N X 800 milliseconds. 

Flash Function 

Keyboard entries enable ONHOOK mode. Only the © key is used as a FLASH key in both PULSE and DTMF modes (including LDT). 
When the © key is pressed, the ONHOOK mode is entered for600 milliseconds (typical), after beeptone is sent. During this time, the 
key entry pin is not accepted. MODEIN, MUTE, MODEOUT, and DTMF/BEEPOUT pins are placed In the high-impedance state and 
the PULSEOUT pin is set low level. After 600 milliseconds (typical), the return of OFFHOOK is automatic and key entries can again be 
accepted. 

Test (High-speed Mode) 

A test mode circuit is built into the 1C. In the ONHOOK state, pins OSCIN and OSCOUT are pulled down by a high resistance. To 
activatethe test mode, tie the OSCIN high and apply clock signal to OSCOUT. The internal circuit operates up to 128 times faster than 
normal operation. 
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Figure 1. Keyboard Configuration 



Figure 2. Reference Circuit 



Note: Key input capacitance (2 to 5,14 to 17 pins): 500 pF. 


When electronic input is used, there is no need for connecting a capacitance with key input pins. 
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KEY OPERATION DIAGRAM 


Redial key for PULSE mode 

[ RED (P) 1 = [ RED 1 or (7) 

Redial key for DTMF mode 

\ RED (D) 1 = ( RED ) 

Pause key for PULSE mode 

[ P (P) ) = ©or0 

Pause key for DTMF mode 

[P(D)J =© 

Pause release key of PULSE mode 

IPR (P)) = 1 RED 1. fp) , or © 

Pause release key of DTMF mode 

f PR (D) ] = { RED ] or fp) 

Pause output 

= Pause 


KEY ENTRIES IN PULSE MODE 

When MODEIN is set to 10 pps 


HOOK 

MODEIN 

Key Entry 

PULSE Output 

DTMF Output 

lOpps 

20pps 

ON 






OFF 

OPEN 

o@ 

1-2 



ON 






OFF 

OPEN 

(RED (P)) 

1-2 





© 

3 



ON 






OFF 

OPEN 


1-2-3 



ON 






OFF 

Vdd 

1 RED (P) 1 

1-2-3 



ON 






OFF 

GND 

1 RED (D) 1 

1-2-3 





0 



4 


Continued on next page 
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KEY ENTRIES IN PULSE MODE 


When MODEIN is set to 20 pps 


HOOK 

MODEIN 

Key Entry 

PULSE Output 

DTMF Output 

lOpps 

20pps 

ON 






OFF 

Vdd 

o© 


1-2 


ON 






OFF 

Vdd 



1-2 




© 


3 


ON 






OFF 

Vdd 

(RED (P)) 


1-2-3 


ON 






OFF 

OPEN 



1-2-3 


ON 






OFF 

GND 



1-2-3 




0 



4 


KEY ENTRIES IN DTMF MODE 






PULSE Output 


HOOK 

MODEIN 

Key Entry 

lOpps 

20pps 

DTMF Output 

ON 






OFF 

GND 

Q© 



1-2 

ON 

OFF 

GND 




1-2 



© 



3 

ON 

OFF 

GND 




1-2-3 

ON 






OFF 

OPEN 




1-2-3 

ON 

OFF 

GND 



4 

1-2-3 


bontinued on next page 
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KEY ENTRIES WHEN THE LOT KEY IS USED 

When there is a pause before LDT 


HOOK 

MODEIN 

Key Entry 

PULSE Output 

DTMF Output 

10pp8 

20pps 

ON 




© 

i 



OFF 

OPEN 

Od] 

i p (p) J 


3 

ON 


fLonm 




OFF 

GND 



1-2-0 


3 



0 




4 

ON 




1-2-0 



OFF 

Vdd 

[ RED 

TpH 


3-4 

ON 







OFF 

GND 



1-2-0 


3-4 


KEY ENTRIES WHEN THE LDT KEY IS USED 

When there is a pause after LDT 


HOOK 

MODEIN 

Key Entry 

PULSE Output 

DTMF Output 

lOpps 

20pps 

ON 





7 

0 

OFF 

OPEN 

rnfaifiPTi 

1-2 


ON 






OFF 

GND 

1 RED (P) \ 

1-2 


0-3 



0 



4 

ON 





0-3-4 

OFF 

Vdd 


1-2 


ON 






OFF 

GND 

1 RED (D) 1 

1-2 


0-3-4 


Continued on next page 
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KEY ENTRIES WHEN THE LOT KEY IS USED 

When there Is no pause before and after LOT 


HOOK 

MODEIN 

Key Entry 

PULSE Output 

DTMF Output 

lOpps 

20pps 

ON 






OFF 

OPEN 

0© 

1-2 





rwifsi 



3 

ON 






OFF 

OPEN 


1-2-MODEOUT 






blinks 








3 



0 



4 

ON 






OFF 

Vdd 

1 RED (P) 1 

1-2-MODEOUT 






blinks 








3-4 

ON 






OFF 

GND 


1-2-MODEOUT 






blinks 
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I KEY ENTRIES WHEN PULSE/DTMF MODE IS SWITCHED (MIXED REDIAL) 

When there is a pause before mode switching 





PULSE Output 


HOOK 

MODEIN 

Key Entry 

lOpps 

20pps 

DTMF Output 

ON 

OFF 

OPEN 

0 © 1 p (P) 1 

1-2-0 




Vdd 

© 0 1 p (P)) 


3-^0 



GND 

(SJU1 P <D) J 


© 

i 


OPEN 

©0 

6-7 


ON 

OFF 

OPEN 

1 RED (P) ) 

1-2-0 

6-7 

3-4-0 

5---© 

ON 

OFF 

Vdd 


1-2-0 

6-7 

3-4-0 

0 

i 

ON 

OFF 

GND 


1-2-0 

6-7 

3-4-0 

0 

1 

J, 


Continued on next page 
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KEY ENTRIES WHEN PULSE/DTMF MODE IS SWITCHED (MIXED REDIAL) 


When there Is a pause after mode switching 


HOOK 

MODEIN 

Key Entry 

PULSE Output 

DTMF Output 

lOpps 

20pp8 

ON 






OFF 

OPEN 

O© 

1-2 




Vdd 

IP (P) 100 


0-3^ 



GND 

( P (D) 1 l5) U 



0-5-* 


OPEN 

( P (P) 1 © (T) 

0-^7 



ON 





OFF 

OPEN 

( RED (P) ) 

1-2 

0-6-7 

0-3-4 

© 

t 

ON 





OFF 

Vdd 

Credit 

1-2 

0-6-7 

0-3-4 

0-5-* 

ON 





OFF 

GND 

( red (D) 1 

1-2 

0^7 

0-3-4 

0-5-* 


Continued on next page 
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KEY ENTRIES WHEN PULSE/DTMF MODE IS SWITCHED (MIXED REDIAL) 


When there Is no pause before and after mode swKchIng 





PULSE Output 


HOOK 

MODEIN 

Key Entry 

lOpps 

20pps 

DTMF Output 

ON 






OFF 

OPEN 

O © 

1-2 




Vdd 

©0 


3-4 



GND 

©0 



5-* 


OPEN 

©0 

6-7 



ON 






OFF 

OPEN 


1-2-MODEOUT 





blinks 

3-4-MODEOUT 

blinks 

5-*-MODEOUT 

[PR (P)J 

(D)] 





blinks 




6-7 



ON 






OFF 

Vdd 


1-2-MODEOUT 






blinks 

3-4~MODEOUT 




(PR (D)] 


blinks 

5-*-MODEOUT 



[PR (P)J 

6-7 


blinks 

ON 






OFF 

GND 


1-2-MODEOUT 






blinks 

3-4-MODEOUT 






blinks 

5-*-MODEOUT 




6-7 


blinks 
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REDIAL MEMORY INHIBIT FUNCTION 
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RECOMMENDED OPERATING CONDITIONS 







Value 


Parameter 

Symbol 

Pin Name 

Condition 

Min 

lyp 

Max 

Unit 

Power Supply Voltage 

Voo 

Vdo 

PULSE mode and memory 
retention mode 

iQm 


6.0 

B 



DTMF mode 

2.5 


6.0 

V 

Input Voltage 

n 

All 

Inputs 


B 


Vdd 

V 

Output Load 

Ro 

DTMF/ 

Between output 

DTMF mode 

0.1 


20 

kO 

Resistance 


BEEPOUT 

pinandGND 

PULSE mode 

0.1 

10 

100 

kO 

Operating Temperature 

B 



-30 


60 
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ELECTRICAL CHARACTERISTICS 

Vdd: pulse mode = 2.0 to 6.0 V, Vdq: DTMF mode = 2.5 to 6.0 V,TA = -30 to 60°C 







Value 


Paramoter 

Symbol 

Pin Name 


Condition 

Min 

Typ 

Max 

Unit 


Idd 


Ail output pins are 
open in DTMF mode 


2.5 

5.0 

mA 


bp 


All output pins are 
open in PULSE mode 


1.0 


mA 

Power Supply 
Current 

bsT 

Vdd 

All output pins, HKS 
pin open in Standby 


1.5 

10 

ma 

Iddi 

Vdd = 
2.5 V 

Ail output pins 
open in DTMF 

■ 

1.0 

2.0 

mA 


bD2 


Ail output pins 
open in PULSE 


0.3 

0.6 

mA 


TDST1 


TA = 
25‘'C 

All output pins 
HKS open in 
Standby 


0.2 

1.0 

ma 

Digital Input 

V,hi 

CDCTtoCCO 


0.8 Vdd 

■ 

Vdd 

a 

Voltage 1 

VIL1 

RDWTto ROW4 


0 

■ 

1 Vdd 

D 

Digital Input 

VlH2 

HKS, MODEIN 


0.8 Vdd 

■ 

Vdd 

V 

Voltage 2 

V,,2 


0 

■ 

5 Vdd 

V 

Digital Input 

Current 1 

l|H1 


< 

II 

< 

§ 

-0.01 

■ 

|Vdd 

mA 

l||1 

CDUTtoCCO 
ROW1 TO RoW4 

V, = GND 

—0.01 Vqd 

■ 

0.01 

mA 

Digital Input 

Leakage Current 1 

l|Z1 


Key entry HZ 

GND < VI < Vdd 

-10 

■ 

10 

ma 

Digital Input 

Current 2 

l|H2 


VU 

Vdd 

-0.01 



mA 

l|L2 

MODEIN 

VU 

GND 

-1/75 

Vdd 

■ 

0.01 

mA 

Digital Input 

Leakage current 2 

l|Z2 


MODEIN HZ 

GND < VI < Vdd 

-10 

■ 

10 

pA 

Digital Input 

Current 3 

•iH3 

HKS 

VI = 

Vdd 

-10 

■ 

10 

pA 

Pull-up 

Resistor 

RpLU 


100 

200 

400 

kQ 


Continued on next page 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Pin Name 

Condition 

Digital Output 

Voltage 

VOH 

MODEOUT 

Iqh 8k —0.2 mA 

VoL 

MODEOUT, 

POCSEODT, 

WTE 

IqL = 0.5 mA 

BEEP TONE High 
Output Voltage 

Vbtoh 

DTMF/BEEPOUT 

PULSE mode 

1000 is placed between 
output pin and GND 

Digital Output 

Off Leakage 

Current 

loL 

MOTEt 

PUL'SEOUT, 

MODEOUT 

GND<Vo<Vdd 

External Resistance 
when digital input is 
open 

Rdio 

ROWI TO How4 
COETtoCCO 
HKS, MODEIN 

Resistance connected to 
external circuit when in¬ 
put is open. The other 
end of the resistance 
must be between OV and 

Vdd. 

Pull-down 

Resistance 

RpLD 

OSCIN. 

OSCOUT 

ONHOOK mode 

Oscillator 

Frequency 

OsCIN 


DTMF Output 

Voltage 

10OO placed 
between output 
pin and GND. 

Aout 

DTMFOUT 

No signal is output 

Offset voltage when 
signals are output 

DTMF TONE output voltage 

ROW single tone 
output voltage 

COLUMN single tone 
output voltage 

COLUMN/ROW tone ratio 

Redial Memory 

Digit 

Nrkey 

COETtoCOCT 
FfDWI TOROW4 


Make Ratio 

Wmake 


MB87007A 


MB87008A 

Oscillation 

Start time 

toss 

OSCIN, 

OSCOUT 


Oscillation 

Stop time 

tossp 

Key Entry HZ 

Hold time 

tHZKH 

COETtoCOE^f 
ROW1 TO ROW? 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Pin Name 

MODEIN HZ 

Hold time 


MODEIN 

MODEOUT HZ 

Hold time 

tHZMOH 

MODEOUT 

Key Entry HZ 

Start time 

^HZKS 

CDETtoCCO 
RDWi TOROW4 

MODEIN HZ 

Start time 

Wmis 

MODEIN 

MODEOUT HZ 

Start time 

tHZMOS 

MODEOUT 

Pause Time 

tpAS 


DTMF/BEEPOUT 

MODEOUT Switch 
Start time 1 

tMOCI 

MODEOUT 

MODEOUT Switch 
Start time 2 

tMOC2 

MODEOUT HZ 

Start Time by F 
key entry 

tyoFs 

MODEOUT HZ 

Hold Time by F 
key entry 

^MOPH 

MODEOUT Blinking 
Period 

^MOSI 


MODEOUT Change 
Start time by 
pause release 
key entry 

^MOPS 

DTMFOUT Output 
Start time when 
mode is switched 

^MST 

DTMF/BEEPOUT 

DTMF Output 

Start time by 
pause release 
key entry 

tpDT 



Value 

"win I TVp Max Unit 


5 ms 


5 ms 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Pin Name 

Key Entry Widthi 

twK1 

coTTtc^coi::? 
ROWT TO ROW4 

Key Entry Width2 

1WK2 

Key Input Pause 
Time 

tpK 

Key Entry 
Debouncing time 

tcH 

Key Entry Release 
Guard time 

tRE 

BEEP TONE Output 
Start time 

tsES 

dtmf/beepout 

BEEP TONE Output 
Width 

twBE 

POTE LOW Output 
Start time 

tMUS 

MUTE 

MUTe low Output 
Hold time 1 

^MUSPI 

Pulse Predigital 

Pause Time 

tpDP 


Pulse Make 

Width 

twMA 

Pulse Break 

Width 

tWBR 

PUU5EOUT 

Pulse Interdigital 
Pause Time 

tlop 



10 pps 
20 pps 

Dual Tone Output 




26 

13 

100 

950 

480 

950 

480 

38 

19 

32 
16 
60 
30 

33 
900 
450 
900 
450 


Value 


lyp 




23 

23 

31 

41 

31 

30 

15 

110 

980 

510.5 

974 

507.5 

39 

19.5 

33 

16.5 

61 

30.5 

67 

33.5 

939 

469.5 

933 

466.5 






Max 

Unit 


ms 


ms 

■ 

ms 

25 

ms 

25 

ms 


ms 

43 

ms 

■ 

ms 

34 


17 

ms 

120 


1016 

ms 

556 

1016 

ms 

556 

' 40 


20 


34 

ms 

17 

62 


31 


68 

ms 

34 

960 


480 


960 

ms 

480 


Continued on next page 
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ELECTRICAL CHARACTERISTICS 






Value 


Parameter 

Symbol 

Pin Name 

Condition 

Min 

tVp 

Max 

Unit 

MU It: LOW Output 
Hold time 2 

tMUSP2 

MOTE 

Single Tone Output 

B 


8 

ms 

DUAL TONE Output 
Time 

twDT 



78 

80 

82 

ms 

DTMF Interpause 

Time 

toTP 



78 

80 

82 

ms 

Single Tone 

Output start time 

Is® 

DTMF/BEEPOUT 


B 

31 


ms 

Single Tone 

Output stop time 

tsisp 


0 

■ 

8 

ms 

DUAL TONE 

Output start time 

toTS 




39 


ms 

DUAL TONE 

Output stop time 

toTSP 



0 


5 

ms 

MU IE Hold Time 1 
by PAUSE key 
entry 

tpSMI 

MOTE 


0 

10 

20 

ms 

MUTE Hold Time 2 
by PAUSE key 
entry 

tpSM2 



75 

90 

105 

ms 

MODEOUT Blinking 
Start time 

tMOST 

MODEOUT 


0 

5 

10 

ms 
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DTMF OUTPUT SIGNALS 


Item 

Symbol 

Standard DTMF 
(Hz) 

DTMF Output Signal* 

(Hz) 

Error to Standard TDMF 
(%) 

ROW1 

FR1 

697 

696.95 

-0.01 

ROW2 

FR2 

770 

770.13 

+0.02 

ROW3 

FR3 

852 

852.27 

+0.03 

ROW4 

FR4 

941 

940.99 

-0.01 

COL1 

FC1 

1209 

1209.31 

+0.03 

COL2 

FC2 

1336 

1335.65 

-0.03 

COL3 

FC3 

1477 

1476.71 

-0.02 

V4ote: *Oscillati 

on frequency 3.57‘ 

)545 MNz 


Figure 4. Key Input Timing 



Key entry is accepted if low level is longer than 23 ms typ. 

^Key Input Release Guard Time tRE 
Key release is recognized if bw level is longer tiian 23 ms typ. 
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TIMING CHART 1-A 

When there is a pause before LPT key In PULSE mode 


HKS 


"H"- 
“L" 

OSCIN “H" 
OSCOUT “L”- 


tHZKH-J 

“H"--J 

KEY INPUT HZ I 


MODEIN 

(OPEN) 


■L--Ilt.fl 


(••toss 


3.579545 MHz 


..jar 


U-tpK 

-H K ^WK2 


MODEIN “H”- 
(Vdo) “L". 


--hi 


1 kHz (lOpps) 


(20 pps) 


MODEOUT 


Ki 

■L-_t!?_li 


■H !•• tMOC2 

II- 


PULSEOUT 


"H"~ 

“L” 


tpDP 


DTMF/ “H” 
BEEPOUT “L"- 

“H”- 


I 

H \r 


IX 


U- - -»l U- 

II top I II 

twBE '•I l^twBRjj 

It 


twMA 


II 


tpAS 


MOTE 


•*1 !•" tpSM1 


-M W tMST 

-I' 


I . 

“•1 (•■tMUS 




tMUSPj " 


TIMING CHART 1-B 

When there Is a pause before LPT key In PULSE mode 


^Ln 


HKS 

OSCIN 
OSCOUT 

^ ^J^LK^hzks 

KEY INPUT »L- j l^THrEdF 


“H" 

“L”- 




3.579545 MHz 


HI- I 3.579545 MHz | 


MODEIN 

(OPEN) 

MODEIN 

(Vdd) 

MODEOUT 


!•■ tHZMii 


V iLhZj I 
^ I I 

-H> ^ - !.I 

“L- 


1 kHz (10 pps) 


1 kHz I 


I 


[• "t HZMjs 

[y?T|l 


(20 pps) 


PDISEGUT 


"L" 

"H"- 

"L" 


1^ tpop 


^ U- 




DTMF/ "H" 
BEEPOUT «L-- 


I tpAS 


im 


-H N" toTs “H H" toTsp 


JW^ 


MJTE 


“H”- 


•^l K^twyspi 


Continued on next page 
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TIMING CHART 2-A 

When there Is no pause before or after LDT key In PULSE mode 



TIMING CHART 2-B 

When there is no pause before or after LDT key in PULSE mode 
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TIMING CHART 3-A 



In DTMF mode 
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PACKAGE DIMENSIONS 
































cP 

June 1991 

= 3—z— T '''I'''”'”'':-'-z:": DATA SHEET -. — 

MB87009 

Dual Tone Multi-Frequency/Pulse Dialer 



The Fujitsu MB 87009 is an 1C for pushbutton telephone sets using Si gate 
CMOS process and can be used for both DTMF and PULSE modes. 

The MB 87009 can be switched from PULSE mode to DTMF mode by mode 
selection entry or by input from the keyboard. 

The MB 87009 contains a 26-digit redial memory, permitting coexistence of 
PULSE and DTMF modes, enabling mixed redialing In both PULSE and DTMF 
modes by a single key entry. 


• Pulsed 10 pps, 20 pps, or DTMF operation can be selected by the mode 
switch pin (MODEC). 

• 26-digit redial memory is built in (up to 25 digits can actually be written in 
the memory). 

• Selectable make ratio by MA/BR: 39% or 33%. 

• LDT function is provided (key entry enables switching from PULSE mode 
to DTMF mode). 

• Beep tone for Input confirmation can be output (for all effective key entry 
independently of PULSE/DEMF mode. 

• Redial inhibit function is included for redial memory overflow. 

• Mixed redialing of both PULSE and DTMF modes Is possible. 

• PAUSE function is provided and pause accumulation is possible. 

• FLASH function is provided (ONHOOK mode is entered by keyboard en¬ 
try). 

• Crystal or ceramic oscillator (3.579545 MHz) can be used. 

• PAUSE release function is provided (two or more consecutive pauses can be 
released). 

• Operating voltage (-30°C to 60°C) 

PULSE mode : 2.0 to 6.0 V 
DTMF mode : 2.5 to 6.0 V 


ABSOLUTE RATINGS 


Rating 

Symbol 

Value 

Unit 

Power voltage 

Vdd 

GND-0.3 to 7.0 

V 

Input voltage 

V,N 

GND-0.3 to Vdd+0.3 

V 

Output voltage 

VoUT 

GND-0.3 to Vdd+0.3 

V 

Storage temperature 

Tstg 

-55 to 150 

°C 



PLASTIC PACKAGE 
DIP-20P-IVI01 



PLASTIC PACKAGE 
FPT-24P-M02 


PIN ARRANGEMENT 


Vdd[T 

0 ^ 

^DTMF OUT 

coOfT 


RO^ 

C0L2[T 


ISj ROW2 

C0L3[T 



C0L4|T 

TOP VIEW 

li] ROW4 

MA/BR [T 


lU P^CTT 

MODEC [T 


^ HKSW 

modeo[T 


^ BEEPOUl 

xi[± 


MUTE 

X2F0 


rf] GND 


NOTE: Permanent device damage may occur If ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt¬ 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi¬ 
mum rated voltages to this high impedance 
circuit. 


7-83 







MB8700g 


MB 87009 BLOCK DIAGRAM 



EXPLANATION OF THE BLOCK DIAGRAM 

Setting the HKSW pin from "H" to “L" changes the mode 
from ONHOOK to OFFHOOK, activating the 3.579545 MHz 
oscillator and entering a key entry accepting state. 

MODEC pin entry in OFFHOOK mode enables selection of 
PULSE mode 10 pps or 20 pps or DTMF mode. In PULSE 
mode, DTMF mode can be set by pressing the LDT key. 
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The keyboard logic circuit discriminates key entry informa¬ 
tion on ROWl to ROW4 and COL1 to COL4 pins, and 
transmits key information to the control logic circuit after 
a time interval for debouncing, for effective key entry. 

The control logic circuit controls the memory circuit, beep 
tone generator, pulse output generator, and DTMF output 






MB87009 


generator according to key entry information. 

The memory circuit contains a 26-digit redial memory. One- 
touch redialing is possible after mode and key entry in¬ 
formation is stored. 

Independently of PULSE/DTMF mode, the beep tone 
generator operates to output beep tone to the BEEPOUT pin 
for all effective key entries. 

The pulse output generator detects the memory output when 
the PULSE mode is selected, and outputs to the POUT pin as 
many PULSE signals "L" as the number depending on effec¬ 


tive memory data in PULSE mode. 

The make rate is 39% when MA/BR is "H”, and 33% when 
"L." 

When the DTMF mode is selected, the DTMF output 
generator outputs DTMF tones from the DTMF OUT pin 
according to effective memory data output. Row and column 
program counters and DA converter generate row and 
column sine wave signals, which are added by the analog 
adder to generate DTMF tones. 


REFERENCE CIRCUIT 


VdD 
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PIN DESCRIPTION 


— 

Pin 

No. 

Pin name 

1 

Vdd 

11 

GND 

2 

COU 

3 

COL2 

4 

COL3 

5 

C^ 

19 

R^ 

18 

ROW2 

17 

ROWS 

16 

ROW4 

6 

MA/BR 


I/O 


Description 


Power 

supply 


2.0 to 6.0 V in PULSE mode 
— Voltages 2.5 to 6.0 V in DTMF mode 

2.0 V min. for maintaining memory 


Input 

pin 


Key entries to this 1C are from the 2 of 7 or 2 of 8 keyboard using common GND. 
This 1C is available with a single contact (FORM A) type keyboard and electronic 
input ("L" entry). 

Debouncing time Is 34 ms typ. for both PULSE and DTMF. 

Key entry is accepted in PULSE mode only when a single key (one key on the 
keyboard) is pressed longer than the debouncing time. If two or more keys are 
pressed, they are not accepted unless they are released one by one and the last 
key is held closed longer than the debouncing time after all other keys are 
released. 

Key entry is accepted in DTMF mode only whe n eith er a singl e key (DUAL TONE 
key) is pressed or two or more keys in the same COL or ROW (single tone keys) 
ar e press ed longer than the debouncing time. However, if even one key is pressed 
in COL4, single tone keys are ineffective. When multiple single tone keys are 
pressed, if they are released one by one and the last key is held closed longer than 
the debouncing time after all other keys are released, the key is effective as a 
DUAL TONE key. Hereafter, key entries are described with the premise that 
keys are held closed longer than the debouncing time. 

Pause between key entries in PULSE and DTMF mode is required to be 50 ms or 
more. However, for single tone outputs, up to 50 ms is necessary from key entry 
to output start. 

Key switch contact resistance up to 5 kH Is allowable. 


— Switch to select make rate as listed below: 


MA/BR 

Make Rate 

Break Rate 

"Vdd'' 

39 

61 

"GND" 

33 

67 


Prohibited to switch it during PULSE/DTMF outputting. 
Input level is CMOS level. 
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PIN DESCRIPTION (Cont'd) 


Pin 

No. 


Pin name 


I/O 


Description 


14 


MODEC 


HKSW 


Input 

pin 


XI 


Switch to select Pulse 10 pps, 20 pps, or DTMF operation. 
The table below shows mode settings. 


Mode 

Setting 

PULSE mode 

10 pps 

Open (1 M12 or more) 

20 pps 

Vdd 

DTMF mode 

GND 


— When mode switching is requested by MODEC during pulse or tone transmission, 
the request will not be accepted. The request is accepted by key entry after data 
transmission. 

— In ONHOOK mode, a high impedance (HZ) is set. 


— Hook switch entry 


ONHOOK mode 

Open or Vqd 

OFFHOOKmode 

GND 


Output inhibit state is entered in ONHOOK mode and POUT, DTMFOUT, 
BEEPOUT, MUTE, and MODEO are set to HZ. All key entries are set to HZ and 
the built-in operational amplifier and oscillator {XI = "L", X2 = "L”) enter 
power down states in ONHOOK mode. 

This pin is pulled up by a high resistance in the 1C. 

The input level is CMOS level. 


Resonator input pin. 

Pulled down to "L" by a high resistance in ONHOOK mode. 

Both crystal and ceramic resonators are available. (3.579545 MHz). 


10 


X2 


Output 

pin 


Resonator output pin. 

Pulled down to "L" by a high resistance in ONHOOK mode. 

Both crystal and ceramic resonators are availble (3.579545 MHz). 


MODEO 


CMOS output pin which Is set to HZ in ONHOOK mode. 

Outputs "L" level in PULSE mode, and "H" level in DTMF mode 
(including the LDT function). 

Blinks MODEO on and off at a frequency of 2.5 Hz typ. if there is no pause 
before and after mode switching in redialing function. 
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PIN DESCRIPTION (Cont'd) 


Pin 

No. 

Pin name 

I/O 

Description 

8 

MODEO 

Output 

pin 

- Independently of PULSE/DTMF mode, the beep tone is output at the BEEPOUT 
when the FLASH key is pressed. HZ of 0.6 second typ. is output after the beep 
tone is output. After that, key acceptance state (OFFHOOK mode) is entered. 

12 

MUTE 

— NCH open drain output pin. 

— The following are MUTE pin HZ conditions in PULSE and DTMF modes. 

(1) When there is no key entry. 

(2) After the beep tone is output when the FLASH key is pressed (0.6 s typ.) 

(3) During pause state 

However, MUTE is "L" while the beep tone is output. 

(4) During MODEO blinking. 

— After key entries become effective in PULSE and DTMF modes, the pin level is 
"L" during output of the beep tone, pulses, or DTMF according to effective key 
entries. 

13 

BEEPOUT 

— CMOS Three-State Output. High-Impedance when the beep tone is not output. 

— Independently of PULSE/DTMF mode, the beep for input confirmation is out¬ 
put for all effective key entry. 

— BEEPTONE is output in 41 ms typ. at 1 kHz in rectangler pulse. 

15 

POUT 

— NCH open drain output pin. 

- HZ in ONHOOK and DTMF modes. 

- In PULSE mode, this pin is “L" for pulse breaks according to numerical key 
entries. 

— In PULSE and DTMF modes, when the FLASH key is pressed, "L" level is 
output for 0.6 second typ. after the beep tone is sent even during PULSE/ 

DTMF sending, and a key acceptance state (OFFHOOK mode) returns. 

20 

DTMF 

OUT 

— Bipolar type NPN emitter-follower pin. It can drive a load of lOOH (between 
pin and GND). 

— When an ordinary single key is entered in DTMF mode, DUAL TONE of 
numerical, 0 , and (#) keys is output (COL4 column is not allowed). 

Pressing two or more keys in the same ROW or COL on the keyboard outputs 
the single tone in the ROW or COL. However, if a key in COL4 is pressed, 

DUAL TONE or single tone in the ROW or COL is not output. 

— See Section 8.4 for single tone output frequencies. 
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PIN DESCRIPTION (Cont'd) 


Pin 

No. 

Pin name 

I/O 

Description 

20 

DTMF 

Output 

— In the FLASH key is pressed during DTMF sending, the beep tone is output at 
BEEPOUT and subsequent DTMF tones are not output. After beep tone 
output, nearly ONHOOK mode of 0.6 second typ. is entered, and then, key 
acceptance state (OFFHOOK mode) is entered. 

— DUAL TONE output time conditions; 


OUT 

pin 

1) 80 ms TYP for redial output. 

2) 80 ms TYP when the key entry time is within 130 ms typ. more than the 
debouncing time. 

3) DUAL TONE output stops being generated at once if a key is pressed over 

130 ms TYP and released. 

4) Single tone is output from the end of debouncing time until the key is 
released. 

~ HZ when the DTMF tone is not output. 

I_ 


OPERATION AND FUNCTION USE CONDI¬ 
TIONS 

Ordinary dialing 

Dialing is done by entering numerical keys (1 to 0 keys) in 
PULSE mode and numerical, @ , and (§) keys in DTMF 
mode regardless of the number of digits of key input in 
OFFHOOK, PULSE, or DTMF signals according to the key 
input are output. 

The redial memory i s 26 digits. A digit is counted for 
numerical, pause, and |LDT| keys in PULSE mode and for 
numerical, ® ® . and [P] keys in DTMF mode. 

One digit is counted as mode information for mode switch¬ 
ing by MODEC for both PULSE and DTMF modes. The 
first key after OFFHOOK is counted as one digit as mode 
information for numerical keys in PULSE mode and 
numerical, 0 , and (#] keys in DTMF mode, and is written 
into the redial memory. 

Redial function 

The redial memory is read to execute redialing only if the 
redial key is the first key pressed in OFFHOOK state. 

The redial ke y, 0 and iREDi keys are used in PULSE mode 
and only the IREDI key in DTMF mode. 

When 27 or more digits are written into the redial memory, 
PULSE or DTMF signals corresponding to the key entries 
are output, but the redialing operation is ineffective because 
of memory overflow. At this time, even if the first key 
pressed after the state changes from ONHOOK to OFF¬ 
HOOK is the redial key, the redial key is not accepted and 


the beep tone is not output regardless of PULSE or DTMF 
mode. 

If a numerical or [LDT] key is the first key entry in PULSE 
mode after OFFHO OK or a numerical, 0 , (tt), or single¬ 
tone key (excluding COL4) in DTMF mode, the memory is 
reset and data is written into the redial memory according 
to key entry information. 

Mix redial function 

If the mode is ch anged from PULSE to DTMF mode by 
pressing the |LDT| key, or MODEC is switched during key 
entries, mix redialing is executed. 

If there is a pause before or after mode switching (including 
the LDT function) at redialing, PULSE/DTMF is sent and 
DTMF/PULSE signals are sent after the pause. However, for 
redialing in which there is no pause before or after mode 
switching (including the LDT function), the operation stops 
immediately after mode switching and a HALT state is 
entered. MODEO blinks to indicate that the mode switching 
has no auto pause, prompting paus e release. The pause re¬ 
lease key at this time is 0 , |RED| , and [p] keys in PULSE 
mode, and [REDI and 0 keys in DTMF mode. By key entry, 
the operation sending subsequent PULSE/DTMF signals is 
returned. Key entries other than the above are not accepted, 
except the {£] key. 

Key entries are not accepted during redial output, except the 
[f] and pause release keys (only when MODEO is blinking or 
during a pause at redialing). 
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Mode switching 

When mode switching is requested by MOOEC during pulse 
or tone transmission, the request will not be accepted. The 
request becomes acceptable after data transmission. 

One digit is used as mode information in both PULSE and 
DTMF modes when the mode is switched by MODEC. If the 
first key entry is a numerical in PULSE mode after OFF- 
HOOK or a numerical, 0, (§] in DTMF mode, mode in¬ 
formation is written into redial memory. 

In PULSE mode, the iLDTi key is accepted only once. After 
that, DTMF mode is fixed regardless of MODEC pin switch¬ 
ing. 

In DTMF mode, the |LDT| key is not accepted. MODEC pin 
switching enables the desired mode to be selected. 

LDT f unctio n 

If the iLDTi kev is pressed in PULSE mode, the mode changes 
to DTMF mode in whi ch DT MF tones can be sent. "In 
PULSE mode, only first ILDTI key is accepted after k ey ac- 
ceptance state (OFFHOOK m ode) i s entered. Once [LDT| 
key is accepted, the following IlDTI key entries are ignored. 

When DTMF m ode is e ntered by the lLDTi kev. dual tones of 
keys, exc epting COL4 and single tones, can be output. (If 
even one COL 4 key is pressed, dual and single tones on the 
ROW or COL are not sent.) The mode after that is not 
switched. If mode switching by LDT from memory is done 
during redialing, key entries after redialing are executed in 
DTMF mode regardless of the MODEC state and the data is 
additionally written Into the redial memory. However, for 
effective keys other than the redial key after ONHOOK 
changes to OFFHOOK memory is reset and written in the 
current mode. 

PAUSE function 

A pause state can be entered by pause key entry. 


In PULSE mode, both 0 and [p] keys can be used as the 
pause key. In DTMF mode (including the LDT function), 
only the [3 key is used. 

If the pause key is the first key pressed after ONHOOK 
changes to OFFHOOK, the key is not accepted. 

One pause key entry can make a 4.0 second typ. pause state. 
N X 4.0 second typ. pauses can be made by multiple con¬ 
secutive pause key entries. 

Pause duration can be reduced by entering B and IREDI 
keys during redialing pause time. In PULSE mode, the 
0key can also be used as a pause release key. 

When multiple consecutive pauses are written, the consecu¬ 
tive pauses are all sent fast by entering a pause release key. 
(N X 4.0 second typ. pause time becomes N x 8.0 ms pause 
time because the pauses are sent at a speed up to 500 times 
as fast.) 

FLASH function 

Keyboard entries enable ONHOOK mode. Only the [f] key is 
used as a FLASH key in both PULSE and DTMF modes 
(including the LDT function). When the [F] key is pressed, 
ONHOOK mode is entered for 0.6 second TY P after the beep 
tone is sent. The key entry pin, MODEC, MUTE, DTMF- 
OUT, and BEEPOUT during the time become HZ and the 
POUT pin outputs level "L". OFFHOOK mode returns after 
0.6 second typ., and key entries can be accepted. 

TEST MODE (High speed mode) function 
TEST MODE circuit is built into the chip. At ONHOOK, XI 
and X2 are pulled down by high resistances. By making the 
XI pin "H" and entering a clock from the X2 pin, TEST 
MODE is enabled to operate internal circuits up to 128 times 
as fast. 


7-90 


MB87009 






MB87009 


When MOOEC is set to 20 pps 



7 


Key Entries In DTMF Mode 



1 
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Key Entries When The LDT Key Is Used 
When there is a pause before LDT 
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When there is no pause before and after LOT 


Key entry 


PULSE output 
10 pps I 20 pps 


DTMF output 


0 HI 

[ldtI H] 

Ired (p)| 
Ipr (d)I 
0 


MODEO 

blinks 

I 


MODEO 

blinks 

I 


IRED (D)| 

Ipr (d)I 


MODEO 

blinks 

I 


Key Entries When PULSE/DTMF Mode Is Switched (Mix Redial) 

When there is a pause before mode switching 


PULSE output 


Hook 

MODEC 

Key entry 

10 pps 

20 pps 

ON 

OFF 

OPEN 

1 l2l RpH 

1-2-© 

3-4-© 

ON 

OFF 

Vdd 

GND 

OPEN 

OPEN 

3 141 P (P)| 

5 0 Lieil 

[1 m 

Ired (P)| 

6-7 

1-2-© 

ON 

OFF 

Vdd 

Ired (p)| 

6-7 

1-2-® 

3-4-© 

ON 

OFF 

GND 

Ired (d)| 

6-7 

1-2-© 

3-4-0 


DTMF output 
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When there is no pause before and after mode switching 


Hook 

MODEC 

Key entry 

PULSE output 

DTMF output 

10 pps 

20 pps 

ON 



1 




OFF 

OPEN 

Q] [ 2 ] 

1-2 




Vdd 

GND 

[i 0 

0 s 


3-4 

5 -* 


OPEN 

0 0 

6-7 



ON 




MODEO 

blinks 










OFF 

OPEN 


Ired (p)| 

1-2 

MODEO 

blinks 











1 

|PR (P)l 


3-4 

MODEO 

blinks 







1 




|PR (D)| 

PR (P)l 

6-7 


5 -* 

ON 




MODEO 

blinks 







1 



OFF 

Vdd 

1 

Ired (p)| 

1-2 

MODEO 

blinks 











1 

|PR (P)l 


3-4 

MODEO 

blinks 







4 




PR (D)| 



5 -* 




PR (P)l 

6-7 



ON 




MODEO 

blinks 










OFF 

GND 

1 

Ired (d)| 

1-2 

MODEO 

blinks 











1 

iPR (P)l 


3-4 

MODEO 

blinks 










i 

1 


6-7 


5 -* 
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Redial Memory Inhibit Function 


Hook MODEC 


Key entry 


PULSE output 


DTMF output 


OFF OPEN 0 Q] •••00 


OFF OPEN 


OFF OPEN 0 0 • • • 0 0 


ON 

OFF OPEN 


Not output 
2 


OFF OPEN 


OFF Vdd 

ON 

OFF GND 


IRED (D)| 


OFF OPEN 


LOT 1 1 ... 1 1 


OFF OPEN 


OFF OPEN 0 0 [lDT| 0 0...00 


ON 

OFF OPEN 
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RECOMMENDED OPERATING CONDITIONS 


Rating 

Symbol 

Condition 

Value 

Unit 

Min. 

Typ 

Max 

Power voltage 

Vdd 

In PULSE mode and when 
memory is maintained 

2.0 

- 

6.0 

V 

In DTMF mode 

2.5 

- 

6.0 

V 

Input voltage 

V,N 


0 

- 

Vdd 

V 

Output load 

condition 

RO 

Between output pin and 

GND 

0.1 

- 

20 

ka 

Ambient 

temperature 

. 


-30 

- 

60 



Electrical Characteristics 


2.0 to 6.0 V in PULSE mode" 
Vdd 2.5 to 6.0 V in DTMF mode 
TA=-30to60°C 


Parameter 


Condition 


Symbol 

Value 

Unit 



Pin name 

Min 

Typ 

Max 


All output pins are OPEN in 
DTMF mode. 


•dd 


2.5 

5.0 

mA 


All output pins are OPEN in 
PULSE mode. 


•ddp 


1.0 

2.0 

mA 


All output pins and HKSW 
pins are OPEN in standby 
state. 


*DDSB 

- 

1.5 

10 

/iA 

Supply 

Current 

Vdd “ 

Output pins are 
OPEN in DTMF 
mode. 

Vdd 

•ddl 

- 

1.0 

2.0 

mA 


2.5V 

Ta = 

Output pins are 
OPEN in 

PULSE mode. 


Jddpl 

- 

0.3 

0.6 

mA 


25° C 

Output pins and 
HKSW pin are 
OPEN in stand¬ 
by state. 


•ddsbl 

- 

0.2 

1.0 

mA 

Digital 

Input Voltage 

1 1 



COU to 
COL4, 

V,HI 

4/5 X 
Vdd 

- 

Vdd 

V 


_i 

ROW1 to 
ROW4 

V,L1 

0 

- 

Vdd 

/5 

V 
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Electrical Characteristics (Cont'd) 


Parameter 

Condition 


Symbol 

Value 

Unit 


Pin name 

Min 

Typ 

Max 

Digital Input 
Voltage 

2 


HKSW, 

MODEC, 

MA/BR 

V ih2 

4/5 X 
Vdd 

- 

Vdd 

V 

V|L2 

0 

- 

Vdd 

/5 

V 

Digital Input 
Current 1 

When V|N = Vdd 

COlTto 

COL4, 

ROW1 to 

ROW4 

•iHI 

-0.01 

- 

Vdd 

/5 

mA 

When V|N = GND 

l|L1 

-Vdd 
/100 

- 

0.01 

mA 

Digital Input 
Leakage 1 

When key entry is HZ 
GND^Vin <Vdd 

liLKI 

-10 

- 

10 

fjiA 

Digital Input 
Current 2 

When V,N = Vdd 

MODEC 

•lH2 

-0.01 

- 

Vdd 

/75 

mA 

When V,N = GND 

•lL2 

-V dd 
/75 

- 

0.01 

mA 

Digital Input 
Leakage 2 

When MODEC is HZ 

GND< VIN^Vdd 

•lLK2 

-10 

- 

10 

ma 

Digital Input 
Current 3 

When V,N = Vdd 

HKSW, 

MA/BR 

l|H3 

-10 

- 

10 

iuA 

Pull-up 

Resistance 


HKSW 

RpLU 

100 

200 

400 

k^2 

Digital Input 
Leakage 3 

When V|N = GND 

MA/BR 

l|LK3 

-10 

- 

10 

ma 

Digital Output 
Voltage 

When Iqh ~ —0.2 mA 

MODEO, 

BEEP OUT 

Vqh 

Vdd 

-0.5 

- 

Vdd 

V 

When Iql = mA 

MODEO, 

POUT, 

MUTE, BEEP 
OUT 

VoL 

0 

- 

0.5 

V 

Digital Output 
Off Leakage 
Current 

GND< VouT^ Vdd 

MUTE, 

POUT, 

MODEO, BEEP 
OUT 

•OFFLK 

-10 


10 

ma 

External resis¬ 
tance when 
digital input 
is open 

Resistance connected to 
external circuit when input 
is open. The other end of 
the resistance must be 
between 0 V and Vdd- 

COU to 

COL4, j 

ROW1 to 1 

ROW4, , 

HKSW, ' 

MODEC j 

Rdext 

1 

- 

- 

MH 
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Electrical Characteristics (Cont'd) 


Parameter 

Condition 


Symbol 

Value 

Unit 


Pin name 

Min 

Typ 

Max 

Pull-down 

Resistance 

In ONHOOK mode 

XI, X2 

RpLD 

75 

150 

300 

kO 

Oscillator 

Frequency 


f|N 

- 

3.579545 

- 

MHz 


When no signal is output. 



- 

0 

- 

V 

DTMF output 

-When 10017 
is connected 
between out¬ 
put pin and 

GND 

Offset voltage when signals 
are output. 



- 

0.63xVdd 

-0.75 

- 

V 

DTMF TONE output voltage 



- 

1.44 

- 

Vp-p 

ROW signal tone output 
voltage 

DTMF OUT 

Vaout 

- 

0.64 

- 

Vp-p 


COLUMN single tone output 
voltage 



- 

0.80 

- 

Vp-p 


COLUMN/ROW TONE 
ratio 



- 

2.0 

_ 

dB 

Number of 

Redial 

Memory 

Digits 


con to 
COL4, 

ROW1 to 
ROW4 

Nkey 


- 

26 

dig¬ 

its 

Make Ratio 

MA/BR = Vdd 

POUT 


- 

39 

- 

% 

MA/BR = GND 


- 

33 

- 

% 

Oscillation 

Start Time 


XI, X2 

tSTART 

0 

8 

16 

ms 

Oscillation 

Stop Time 


tsTOP 

0 

8 

16 

ms 

Key Entry 

HZ Hold 

Time 


COUT to 
COL4, 

ROW1 to 
ROW4 

^HZK 

0 

- 

5 

ms 

MODEC HZ 

Hold Time 


MODEC 

tHZMC 

0 

- 

5 

ms 

MODEO HZ 

Hold Time 


MODEO 

tHZMO 

0 

- 

5 

ms 

Key Entry 

HZ Start 

Time 


COU to 
COL4, 

ROW1 to 
ROW4 

tzKS 

0 

- 

5 

ms 

MODEC HZ 
Start Time 


MODEC 
_i 

I^ZMCS 

0 

- 

5 

ms 
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Electrical Characteristics (Cont'd) 


Parameter 

Condition 


Symbol 

Value 



Pin name 

Min 

Typ 

Max 

MODEO HZ 

Start Time 



^ZMOS 

0 

- 

5 

im 

MODEO Switch 
Start Time 1 



tMOSWI 

- 

12 

- 


MODEO Switch 
Start Time 2 



tMOSW2 

~ 

5 

- 


MODEO HZ 

Start Time by 

F Key Entry 

. 

MODEO 

tZMOSF 

- 

83 


m 

MODEO HZ 

Hold Time by 

F Key Entry 



tHZMOSF 

- 

0.6 

- 

■ 

MODEO Blink¬ 
ing Period 



^MOBLNK 

- 

0.4 

- 

s 

MODEO Switch 
Start Time by 
Pause Release 

Key 



^MOSWPL 

- 

39 

- 

H 

Pause Time 


POOT, 

DTMFOUT 

tpAUSE 

- 

4.0 

- 

s 

DTMF Output 
Start Time by 
Pause Release 

Key 


DTMFOUT 

toUTPL 

- 

50 

- 


POUT Output 

Hold Time by 

F Key Entry 


1 

POUT 

^HPH 

- 

0.6 

- 

m 

POUT Output 

Start Time by 

F Key Entry 


tpOUTS 

- 

83 

- 


DTMFOUT 

Output Start 

Time when 
the Mode is 
Switched 


DTMFOUT 

toUTSWS 


10 

1 

. 


Key Entry 

Width 1 



twKI 

50 

- 


ms 

Key Entry 

Width 2 


COLT to 
COL4, 

ROW1 to 

tWK2 

50 

1 


- 

ms 

Pause Between 

Key Entries 


ROW4 

tpK 

50 

i 

_ 

- 

ms 
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ElectricaiCharacteristics (Cont'd) 


Parameter 


Condition 


Symbol 

Value 

Unit 



Pin name 

Min 

Typ 

Max 

Key Entry 

Debouncing 

Time 


COL1 to 
COL4, 

ROW1 to 
ROW4 

tACHAT 

- 

34 

- 

ms 

BEEPTONE 
Output Start 
Time 


BEEPOUT 

^BEEPS 

- 

42 

- 

ms 

BEEPTONE 
Output Width 


I^WBEEP 

- 

41 

- 

ms 

MUTE LOW 
Output Start 
Time 


MUTE 

^MS 

- 

42 

- 

ms 

MUTE LOW 
Output Hold 
Time 1 

For 10 pps 


26 

30 

34 


For 20 pps 


^HMLI 

13 

15 

17 

ms 

When DUAL TONE Is output 



100 

110 

120 



MA/BR = 

For 10 pps 



950 

990 

1016 


Pulse Pre¬ 

"VDD" 

For 20 pps 


tpPDP 

480 

520.5 

566 


digital Pause 

MA/BR = 

For 10 pps 


950 

984 

1016 



''GND" 

For 20 pps 



480 

517.5 

556 



MA/BR = 

For 10 pps 



- 

39 

- 


Pulse Make 

"VDD" 

For 20 pps 


twM 

- 

19.5 

- 


Width 

MA/BR = 

For 10 pps 


- 

33 

- 

ms 


"GND" 

For 20 pps 

POUT 


- 

16.5 

~ 


MA/BR = 

For 10 pps 



61 

- 

ms 

Pulse Break 

"VDD” 

For 20 pps 


^WBRK 

- 

30.5 

- 

Width 

MA/BR = 

For 10 pps 


- 

67 

- 

ms 


"GND" 

For 20 pps 



- 

33.5 

- 


MA/BR = 

For 10 pps 



900 

469.5 

960 

ms 

Pulse Inter¬ 

-VDD" 

For 20 pps 


twiDP 

450 

469.5 

480 

digital Pause 

MA/BR = 

For 10 pps 


900 

933 

960 

ms 


“GND" 

For 20 pps 



450 

466.5 

480 
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Electrical Characteristics (Cont'd) 


Parameter 

Condition 


Symbol 

Value 

Unit 


Pin name 

Min 

Typ 

Max 

MUTE LOW 
Output Hold 
Time 2 

When single tone is output 

MUTE 

tHML2 

0 

- 

45 

ms 

DUALTONE 
Output Time 



twDT 

78 

80 

82 

ms 

DTMF Inter¬ 
pause 



"^INRS 

78 

80 

82 

ms 

Single Tone 
Output Start 
Time 


DTMFOUT 

Usings 

- 

42 

- 

ms 

Single Tone 
Output Stop 
Time 


^SINGE 

0 

- 

5 

ms 

DUALTONE 
Output Start 
Time 



toUALS 

_ 

50 

- 

ms 

DUALTONE 
Output Stop 
Time 



tpUALE 

0 

- 

5 

ms 

MUTE Hold 
Time 1 by 

Pause Key 


MUTE 

tpSMI 

0 

10 

20 

ms 

MUTE Hold 
Time 2 by 

Pause Key 1 


tpSM2 

1 

75 

90 

105 i 

ms 

MODEO Blink¬ 
ing Start Time 


MODEO 

^MOBS 

0 

5 

10 

ms 
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DTMF OUTPUT SIGNALS 


Item 

Symbol 

Standard DTMF 

DTMF output signals (Hz) 

Error to standard DTmF 

. (Hz) 

(Oscillator frequency S.579545 MHz) 

(%) 

ROW1 

FRl 

697 

696.95 

-0.01 

ROW2 

FR2 

770 

770.1S 

+0.02 

ROWS 

FRS 

852 

852.27 

+0.03 

ROW4 

FR4 

941 

940.99 

-0.01 

COL1 

FC1 

1209 

1209.31 

+0.03 

COL2 

FC2 

1SS6 

1335.65 

-0.03 

COLS 

FCS 

1477 

1476.71 

-0.02 


KEYBOARD CONFIGURATION 

2 of 8 keyboard 

ROW 

ROW 
COL 




Single contact 
type keyboard 


r—A_ 


={OW 


Electronic input 

V|h“ 

V|L 
V|H- 
V|L 

(Effective with "L" entry) 



COL 
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DTMFOUT 


:r"i: 


NOTE: MA/BR = "H" for make rate 39% and "L" for 33%. 


Timing chart 3-B (in DTMF mode) 

Key entries in Timing chart 3-A are written as memory data. 


3.579545 MHz 


3.579545 MHz 


Key entry 

MODEC ”H" 

(GND) _ 

LiJ-U 


tZMOSF-^ 

f—tHZMOSF-—1 

zn 


MODEO 


HZ 
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PACKAGE DIMENSIONS (Suffix: P) 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20P-M01) 




©1986 FUJITSU LIMITED D20005S-1C 
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PACKAGE DIMENSIONS (Suffix: PF) 


24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M02) 


.002(0.05) 





u 


MIN 

(STAND OFF) 


.350(8.9) 

.374(9.5) 


.005(0.13) ^ 

.008(0.20)' 



.012(0.3) 

.028(0.7) 


L --- 

, .\ 1 1-106(2.7) 


nmnnnnnP- 

.050(1.27)^ 1 1 

.014(0.35) I 

Mb L—__!_ nOi if\ Ol 

TYP 

.022(0.561 


Detail of "A" part 

.008(0.2) 


n 

p—1 

IT 


1 



' .024(0.6) 
^.007(0.18) 



MAX 

.027(0.68) 


Dimensions in 
inches (millimeters) 


01985FUJITSU LIMITED F24008S-1C 


Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con¬ 
sequently, complete information sufficient for construction pur¬ 
poses is not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such in¬ 
formation does not convey to the purchaser of the semiconductor 
devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specifications. 
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April 1991 
Edition 2.0 


DATA SHEET 


MB87017B 

DTMF RECEIVER 


DUAL TONE MULTI FREQUENCY RECEIVER 


FUpSU 


The MB87017B is a one chip DTMF receiver with an input amplifier gain adjuster 
and low power consumption, integrating filter and decoder circuits. The MB87017B 
can select either automatic guard time setting mode or adjustable external guard 
time setting mode. 

This circuit consists of SCFs (Switched Capacitor Filters) and decoders which 
convert 16 types of DTMF tone pairs into hexadecimal four-bit codes. 


• All DTMF receiver functions are integrated on one chip. 

• Low power consumption 

• Built-in input amplifier gain adjustment circuit 

• Selectable automatic or adjustable external guard time setting modes 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Ratings 

$ymfaof 

Viilue 

Unit 

Supply Voltage 

Vdd 

+6.0 

V 

Analog input Voltage 

Vain 

—0.3 to Vdd + 0.3 

V 

Digital input Voltage 

Vdin 

-0.3 to Vdd + 0.3 

V 

Operating Temperature 

Ta 

0 to +70 

X 

Storage Temperature 

Tsto 

-55 to+125 

‘’C 



NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


This device contains circuitry to protect the inputs against 
damam due to high static voltages or electric fields. How¬ 
ever, It is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum 
rated voltages to this high irrp^anoe circuit._ 


Copyright© 1991 by FUJITSU LIMITED 
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MB87017B 


PIN ASSIGNMENT 


PIN ASSIGNMENT 

PIN ASSIGNMENT 

(TOP VIEW) 

(TOP VIEW) 


1 

18 

2 

17 

3 

16 

4 

15 

5 

14 

6 

13 

7 

12 

8 

11 

9 

10 


1 

24 

2 

23 

3 

22 

4 

21 

5 

20 

6 

19 

7 

18 

8 

17 

9 

16 

10 

15 

11 

14 

12 

13 


(DIP-18P-M02) 


(FPT-24P-M02) 


BLOCK DIAGRAM 


(DIP PACKAGE) 
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PIN DESCRIPTIONS 


[ Pin Nyfpfa$r 

Symbol 

ilBH 

D»scripti 6 n 

DIP 

FPT 

1 

1 

Ain 

B 

Analog input pin (non-inverted operational amplifier input) 

2 

2 

Gai 

B 

Operational amplifier gain adjustment pin 1 (inverted operand amplifier in¬ 
put). 

Operational amplifier gain adjustment pin 2 (operand amplifier output pin). 

* These pins are provided for operational amplifier gain adjustment. 

The polarity of Gai is opposite to that of Gaz. 

3 

3 

Ga2 

o 

4 

5 

Vref 

O 

Reference voltage output pin. ( 1/2 Vdd) 

5 

6 

AG 

- 

Analog ground pin 

6 

7 

TEST 

- 

Test pin. Usually set to ground level. 

7 

8 

OSC1 

B 

Clock input pin. 

Clock output pin. 

* Connect a 3.5795 MHz crystal between OSC1 and OSC2 pins. 

8 

11 

OSC2 

o 

9 

12 

GND 

- 

Ground pin 

10 

13 

TOE 

B 

Three-state output enable pin. 

* Data from Qi to Q 4 may be output when this pin is set to “High”. 

11 to 14 

14, 15 

18, 19 

Qi to Qa 

O 

Three-state data output pin. 

15 

20 

DS 

o 

Signal detection pin. 

* This pin goes to “High” when an valid tone pair is received and de¬ 
coded, and the data in the output data-bus is updated. 

16 

21 

DF 

o 

Frequency detection pin. 

♦ This pin goes to “High” when a received tone pair is acknowledged as 
the valid DTMF signal frequency. 

17 

23 

GT 

o 

Guard time mode select pin. 

* When GT pin is clamped to Vdd, automatic guard time setting circuit is 
selected; Guard Time Present (GTP) and Guard Time Absent (GTA) are 
set to 20 milliseconds. 

* See functional descriptions on page 5. 

* When GT pin exceeds 1/2 Vdd, DS pin outputs high level. 

When GT pin is less than 1/2Vdd, DS pin outputs low level. 

18 

24 

Vdo 

B 

Positive supply voltage pin. 

* The voltage must be +5 V ±5%. 

- 


NC 

■ 

No connection 
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MB87017B 


FUNCTIONAL DESCRIPTIONS 

FILTER 

The filters consist of 3 sixth-order SCFs, The dial tone removal filter (including the 60 Hz filter) output is connected to the individual 
hysteresis comparators through the low group and high group filters. 

In the figure below, the solid line shows the characteristics of the low group filter while the broken line shows the characteristics of the 
high group filter. At a frequency of 770 Hz, it is assumed that 0 dB are lost. Therefore, this point is used for reference. 



1. Digital Frequency-detecting Circuit 

The DF (Detect Frequency) pin goes to "High” when the detector circuit acknowledges the output signals from the two comparators 
as valid DTMF signal frequencies in the digital frequency detecting block. 

2. Guard Time Setting Circuit 

Automatic or adjustable external guard time setting modes are provided. Guard time has two types: GTP (Guard Time Present) 
and GTA (Guard Time Absent). 

2.1 Automatic Guard Time Setting Circuit 

When GT pin is clamped to Vdd, automatic guard time setting circuit is selected; tcip and tciA are set to 20 milliseconds. The 
output signal from the filters may be acknowledged as a DTMF signal if: 

0 A signal with valid DTMF frequency lasts more than 40 milliseconds. This signal is decoded into a DTMF signal. 
These pulses correspond to the input signal enable period and disable period for alternative current 
characteristics. 

® A period of more than 40 milliseconds exists between DTMF signals n and (n + 1). If this is not the case the DTMF 

signal (n + 1) is disabled. 

These pulses correspond to the inter-digit pauses for acceptance and rejection for alternative current 
characteristics. 

In 0, it takes the DS (Detect Signal) pin GTP to acknowledge that the input signal Is a DTMF signal after DF switches to 
"High”. The DS pin switches to "High” when the Input signal is acknowledged as a DTMF signal. 

In 0, it takes the DS pin GTA to disable DTMF signal n after DF switches to "Low”. The DS pin switches to "Low” when 
the signal is disabled. (See Page 10 for the timing chart.) 

tsDA > tcTP + tpOF 
tiDA > tADF + toTA 
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2.2 Adjustable External Guard Time Setting Circuit 

The simplified adjustable external guard time setting circuit shown below enables any guard time present (GTP) or guard time 
absent (GTA) setting. 

The guard time is adjusted by selecting external register R when the external capacitor is 0.1 pF. 



2.3 Automatic Guard-time/Adjustabie External Guard-time Setting Mode Selection Circuit 


• Adjustable external guard time setting mode 

Adjustable external guard time setting mode (GT pin is set low) is selected on the rising edge of the detected 
frequency (DF). 

• Automatic guard time setting mode 

The automatic guard time setting mode (GT pin is set high) is selected the power-on reset signal and on the rising 
edges of the DF. 


2.4 Power-on Reset Circuit 

The power-on reset circuit generates a reset signal to initialize the automatic guard time or adjustable guard time setting circuit 
when power is applied. 

The power-on reset circuit specifications and timing diagram are shown below. 


Power supply rise time 
Power supply fall time 


Power-off time 


Symbol I Minimum j 


0.1 


U 100 



Uml 

Rem«ri» 

ms 

Power-on reset operation conditions 

ms 
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FUNCTIONAL DESCRIPTIONS 


• Power-on reset timing diagram 



NOTE: If the values of power supply rise time, fall time, and power off time shown in the table are not satisfied, the power-on 
reset signal will not be generated and the automatic guard time setting circuit may not recoverfrom malfunction (receive 
disabled). 

The adjustable external guard time setting circuit will not enter malfunction even if the power-on reset signal is not 
generated. 

Therefore, if power supply conditions disable the power-on reset circuit, the adjustable external guard setting circuit can 
be used. 
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OUTPUT CIRCUIT 


When the signal detector pin (DS) switches to "High”, a received tone pair is stored in the output circuit register. The output latch 
status may be output on the output bus by setting the three state control input (TOE) to "High”. 


SAMPLE DIFFERENCE INPUT CONFIGURATION 

The MB87017B uses a difference input amplifier and provides for a bias power source (Vref) to apply a bias voltage to the input 
signal. This also allows a pin to connect a gain adjustment resistor to the amplifier output. 


ROWO 


ROW1 


COLO COL1 COL2 COL3 

E1HE10 


ROW2 7 8 


ROW3 


□□□□ 

DTMF Dial Matrix 


Dial 

A,h Input 

lliiili 

Output 

Lowproup; 

High group; 
fo 

iHII 

Qi 



a* 

n 

697 

1209 

1 

0 

B 

B 

B 

wm 

697 

1336 

1 

0 

B 

B 

Bi 

3 

697 

1447 

1 

0 

0 

1 

10 

4 

770 

1209 

B 

B 

B 

B 

B 

5 

770 

1336 

1 

0 

1 

0 

1 

wm 

770 

1477 

1 

0 

1 

1 

0 

B 

852 

1209 

B 

0 

1 

1 

1 

B 

852 

1336 

1 

1 

0 

0 

0 

9 

852 

1477 

1 

1 

B 

0 

1 

0 

941 


B 

B 

B 

1 

0 

* 

941 

1209 

1 

1 

0 

1 

1 

B 

941 

1477 

1 

1 

1 

0 

0 

B 

697 

1633 

1 

1 

B 

0 

B 

B 

770 

1633 

1 

1 

1 

1 

0 

C 

852 

1633 

1 

1 

1 

1 

1 

D 

941 

1633 

1 

0 

0 

0 

0 


r 
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MB87017B 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

Symbol 

Rating 

Unit 

Minimum 

Typical 

Maximum 

Supply Voltage 

Vdd 

4.75 

5.0 

5.25 

V 

Input Voltage 

V, 

0 

- 

Vdd 

V 

Oscillation Frequency 

fosc 

3.5759 

3.5795 

3.5831 

MHz 

OSC1 Pin Load Capacitance 

Cldi 

10.0 

- 

50.0 

PF 

OSC2 Pin Load Capacitance 

CuX5 

10.0 

- 

50.0 

PF 

GA2 Pin Load Resistance 

Ru 

50 

- 

- 

kQ 

GA2 Pin Load Capacitance 

Cla 

- 


100 

pF 

Operating temperature 

Ta 

0 

- 

70 

‘‘C 


DC CHARACTERISTICS 

Vdd = 5 V ±5%. Ta = 0 °C to 70^C 


Pafametet 

Symbol 

Condition 

Rating 

Urtit 

Minimum 

Typical 

Maximum 

Power Consumption 

Pd 

f - 3.58 MHz. Vdd = 5 V 

- 

25 

37 

mW 

Low Level Input Voltage 

V,L 


0 

- 

0.8 

V 

High Level Input Voltage 

V,H 


2.0 

- 

Vdd 

V 

Low Level Input Leak Current 

III 

V, = GND 

-10 

- 

10 

mA 

High Level Input Leak Current 

IlH 

V,-Vdd 

-10 

- 

10 

pA 

Low Level Output Voltage 

Vou 


0 

- 

0.4 

V 

High Level Output Voltage 

VoH 

loH = -0.4 mA 

2.4 

- 

Vdd 

V 

Vref Output Voltage 

Vref 


- 

2.5 

- 

V 


7-118 


































































































MB87017B 


AC CHARACTERISTICS 


Vdd » 5 V ±5%, Ta = 0°C to 70“C 


l^arameter 


<k>?Ktffion 

llilli Bating 

Unit 

Symbol 


IBS 

Maximum 

Signal input Level 

•1 


Ta-25°C,Voo-5V 

-29 

-10 

-1 

dBm 

TWIST 

•2 



- 

±10 

- 

dB 

Allowable Frequency Deviation 



±1.5 ±2 Hz 

- 

- 

% 

Prohibited Frequency Deviation 



±3.5 

- 

- 

% 

Allowable Noise Level 

•3 



- 

-12 

-* 

dB 

Allowable Dial Tone Level 

•4 



- 

22 

- 

dB 

•5 

Input Signal Detection Timing (Present) 

tpOF 


5 

11 

14 

ms 

•5 

Input Signal Detection Timing (Absent) 

tADF 


0.5 

4 

8.5 

ms 

Input Signal Enable Period (Accept) 

*5,6 

tsDA 


- 

- 

40 

ms 

Input Signal Enable Period (Reject) 

*5.6 

tsDR 


20 

- 

- 

ms 

Inter-digit Pause (Accept) 

*5.6 

tiPA 


- 

- 

40 

ms 

Inter-digit Pause (Reject) 

*5.6 

tiPR 


9 

- 

- 

ms 

Input Clock Frequency 

fiN 


3.5759 

3.5795 

3.5831 

MHz 

Clock Rise Time 

tr 


- 

- 

110 

ns 

Clock Fall Time 

tf 


- 

- 

110 

ns 

Clock Duty 

DR 



50 

- 

% 


+1 dBm: 600 ohm reference 

♦2 TWIST = High group tone voftage/Low group tone voltage 

*3 Allowable noise = Total allowable noise within the range 300 Hz to 3.4 kHz/Minimum amplitude tone level in valid tone pairs 
*4 Allowable dial tone level = Total allowable normal dial tone volume/Minimum amplitude tone in valid tone pairs 
*5 See Timing Chart. 

♦6 Specified values are referenced to the automatic guard time setting mode. 

See page 5 for Xgxp, and toTA in the adjustable external guard time setting mode. 
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MB87017B 


TIMING CHART 






® Qi to Q 4 


< 

< 


#N #N +1 

#N #N +1 


NOTE: 0 Automatic guard time setting mode (GT pin is clamped to Vdd) 

@ Adjustable external guard time setting mode (See circuit on page 5) 
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MB87017B 


PACKAGE DIMENSIONS 


18-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(case No.; DIP-18P-M02) 


Qcp + . 008 /OO 

-.868_ q^2'22 05_q 3o) 



.244±.010 300(7,62) 

(6.20±0.25) TYP 




197(5.00) MAX 


118(3.00) MIN 


.020(0.51) MIN 


inches (millimeters) 


24-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(case No.: FPT-24P-M02) 

^^^+.010,,c o/i+0.25x , 

-.600_ QQg(l 5.24 _q 20' n 



.110(2.80) MAX 
(MOUNTING HEIGHT) 


.002(0.05) MIN 
(STAND OFF HEIGHT) 


.050(1.27) 
TYP ^ 


.299+ 012 
(7.60 + 0.30) 


.402+ 016 
(10.20 + 0.40) 

ni o I 


.018+ 004 ,—,_ 


.362+ 012 
(9.20 + 0.30) 



.020+ .008 
(0.50 + 0.20) 



Dimensions in I 

inches (millimeters) L 


Details of ‘A” part 


.007(0.18) 

MAX 

027(0.68) 

MAX 


7-121 











MB87017B 


7-122 



January 1990 


DATA SHEET 


Fufrsu 


MB87029 

DTMF Pulse Dialer 


The Fujitsu MB87029 is a Dual Tone Muttifrequency (DTMF) pulse dialer that 
is designed for pushbutton telephone sets and uses the Si-Gate CMOS 
process. 

The MB87029 Is used In both DTMF and PULSE modes and can be switched 
from PULSE mode to DTMF mode by a mode selection entry or by input from 
the keyboard. The MB87029 contains a 26-digit redial memory that permits 
the coexistence of PULSE and DTMF modes, enabling mixed redialing in 
both PULSE and DTMF modes by a signal key entry. 


• Pulse 10 pps, 20 pps, or 
DTMF operation can be 
selected by the mode switch 
pin (MODEIN) 

• On-chip 26 digits of redial 
memory (up to 25 digits can 
actually be written in the 
memory) 

• Selectable make ratio by 
MA/BR: 39% or 33% 

• Line Dial Tone (LDT) function 
is provided (switching from 
PULSE mode to DTMF mode 
by key entry) 

• Output of a beep tone for Input 
confirmation (for all effective 
key entry independently 
PULSE/DTMF modes) 

• Redial inhibit function is 
included for redial memory 
overflow 

• Mixed redialing of both PULSE 
and DTMF modes 


• PAUSE function is provided 
and pause accumulation is 
possible 

• Single-tone output Is enabled 
by SCNT pin 

• FLASH function is provided 
(ONHOOK mode is selected 
by keyboard input) 

• FLASH output time, 0.1 
second or 0.6 second, is 
selected by FONT pin 

• Crystal or ceramic oscillator 
(3.579545 MHz) can be used 

• Pause release function is 
provided (two or more 
consecutive pauses can be 
released) 

• Operating voltages: 

PULSE mode: 2.0 V to 6.0 V 
DTMF mode: 2.5 V to 6.0 V 
(TA = -30 to 60^C) 


ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Pin Name 

Value 

Unit 

Positive Supply Voltage 

Vdd 

Vdd 

GND-0.3to7.0 

D 

Input Voltage 

VI 

All inputs 

GND-0.3 to Vdd+ 0.3 

V 

Ouput Voltage 

VO 

All outputs 

GND-0.3 to Vdd+ 0.3 

V 

Storage Temperature 

Tstg 


-55 to +150 



Note: Permanent device damage may occur if absolute maximum ratings are 
exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



PLASTIC PACKAGE 
DIP-22P-M03 



PLASTIC PACKAGE 
FPT-24P-M02 



>IN ASSIGNM 

ENT 

Vdd [T 


22] DTMFOUT 

COLT [T 


2i] nowT 

COL2 [T 


^ H0W2 

C0L3 [T 


Til ROw3 

CDL4 1^ 


TF| ROw4 

MA/BR [T 

TOP VIEW 

171 SCNT 

MODEIN [~7 


1?] FONT 

modeout[T 


1^ PUL5EOUT 

OSCIN [T 


m HKS 

OSCOUT [To 


l3] BEEPOUT 

GND [iT 


I 2 ] MUTE 


This device contains circuitry to protect the inputs against darnage 
due to high static voltages or electric fields. However, it is advised 
that normal precautions be taken to avoid application of any voltage 
higher than maximum rated voltages to this high impedance circuit. 


© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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MB87029 


Figure 1. MB87029 Block Diagram 


OSCIN 

OSCOUT 


a 


Oscillator 


MA/BRQ 


External 

Keyboard 


MODEINQ 


B 

B 

B 

RED 

B 

B 

B 

B 

B 

B 

B 

LDT 

B 

B 

B 

fl 


I RDWT 


mw2 




RDW3 


ROTO 






ODC3 


ODES 


-o 


DDET 


Keyboard 

Logic 

Circuit 


DTMF Generator 


Control 

Logic 

Circuit 


Pulse 

Output 

Circuit 


Memory 

Circuit 


Beep Tone 
Generator 


4 ^ 


HKS 


Vdd GND 



DTMFOUT 

MODEOUT 

BEEPOUT 

MOTE 





SCNT 

FCNT 


PULSEDDT 
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PIN DESCRIPTIONS 




Power supply voltages: Pulse mode 2.0 V to 6.0 V 
DTMF mode 2.5 V to 6.0 V 
Memory Retention mode 2.0 V min. 


Uses key entries from 2 of 7 or 2 of 8 keyboards with common GND. This 1C is 
available with a single contact from A type keyboard and electronic input (Low 
entry). 

Key input debouncing time is 23 ms typ. for both PULSE and DTMF modes. 
Key input release guard time is 23 ms typ. for both PULSE and DTMF modes. 
Key entry is accepted in PULSE/DTMF modes only when a single key (one key 
on the keyboard) is pressed longer than the debouncing time. If two or more keys 
are pressed, they are not accepted unless they are released one-by-one and the 
last key is held closed longer than the debouncing time, after all other keys are 
released. 

Key entry is accepted in DTMF mode only wh en eith e r a sin gle key (dual-tone 
key) is pressed or two or more keys in the same COL or R OW (sin gle-tone keys) 
are pressed longer than the debouncing time. If one key in COL4 Is pressed, the 
single-tone keys are ineffective. If multiple single-tone keys are pressed, and the 
last key is held closed longer than the debouncing time, after all other keys are 
released, the key is effective as the dual-tone key. 

Hereafter, key entries are described with the premise that keys are held closed 
longer than the debouncing time. 

Pauses between key entries In PULSE and DTMF modes must be 50 ms or 
more. However, up to 50 ms is necessary from key entry to output start for 
single-tone outputs. 

Key switch contact resistance up to 5kQ is allowable. 


This pin selects the make rate. 


MA/BR 


Make Rate (%) 

Break Rate (%) 

39 

61 

33 

67 



Make ratio switching by MA/BR Is inhibited during PULSE/DTMF transmission. 
The input level is in the CMOS level. 


This pin selects the pulse mode, 10 pps, 20 pps, or the DTMF mode. 


MODEIN 

Mode 

Vdd 

Pulse Mode 20 pps 

Open (1 MQ or more) 

Pulse Model 0 pps 

GND 

DTMF Mode 



Mode switching is not accepted by MODEIN. After data transmission is 
completed, mode switching is honored by key entry. 

In the ONHOOK mode, this pin Is set to a high impedance state. 


conf/nued on next page 


7-125 













































MB87029 


PIN DESCRIPTIONS 


I/O 


Pin No. 


DIP FPT 


Symbol 


Description 


Hook switch input pin. 


ONHOOK Mode 

Open or Vdd 

OFFHOOK Mode 

GND 


14 


15 


HKS 


input 


Output is inhibited inONHOOKmode, andPDCSEODT, DTMFOUT, BEEPOUT, 
MDTE, and MODEOUT are set at a high impedance state. 

All key entries are set to HZ and the on-chip operational amplifier and oscillator 
(OSCIN « L, OSCOUT » L) become power down states. 

This pin is pulled up by a high resistance internally. 

The input level is in the CMOS level._ 


10 


OSCIN 


Oscillator input pin. 

in the ONHOOK mode, this pin is pulled to a low level by a high resistance. 


16 


17 


FNCT 


This pin selects FLASH time period. 


FNCT 

FLASH output time 

Vdd 

0.6 second 

GND 

0.2 second 


Switching is prohibited during PULSE/DTMF transmission. 
Input level is in the CMOS level. 


17 


18 


SCNT 


This input enables a single-tone output. 


SCNT 

Single tone output 

Vdd 

Output 

GND 

Not output 


Switching is prohibited during a PULSE/DTMF transmission. 
Input level is in the CMOS level. 


10 


OSCOUT 


Oscillator output pin. 

in the ONHOOK mode, this pin is pulled to a low level by a high resistance. 


Output 


MODEOUT 


The output is in the CMOS level and set to a high impedance state in the 
ONHOOK mode. 

Low level is output in the PULSE mode and high level is output in the DTMF 
mode, including the LDT function. 

MODEOUT blinks on and off at a frequency of 2.5 Hz typ., if there is no pause 
before and after mode switching in redial function. 

When the FLASH key is pressed in either PULSE or DTMF mode, High 
impedance is output for a 0.6 second (typical) following the BEEP tone output. 
The key acceptance state (OFFHOOK mode) is now entered. 


continued on next page 
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PIN DESCRIPTIONS 



Pin No. 



I/O 

DIP 

FPT 

Symbol 

Description 

Output 

12 

13 

mSTE 

N-channei open drain output. 

In both PULSE and DTMF modes, the MUYEpin is in a high impedance state for 
the following conditions: 

1 . There is no key entry. 

2. After the beep tone is output and the FLASH key is pressed, HZ is output for 

0.6 second (typical). 

3. During pause output state. (However, when key is pressed, MUTE is low level 
while beep tone is being output.) 

4. During MODEOUT blinking. 

After key entries become effective in the PULSE or DTMF modes, the MuTE pin 
is low during output of the beep tone, pulse output (according to numeric key 
entry), and output of DTMF. 


13 

14 

BEEPOUT 

The output is in CMOS level and the pin is set to a high impedance state unless 
beep tone is output. 

In PULSE/DTMF modes, the beep tone is output according to effective key 
entries. 

Beep tone is output in 41 ms typ. at 1 kHz in rectangular pulse. 


13 

14 


N-channel open drain output. 

This pin is in a high impedance state in the ONHOOK mode or DTMF mode. 

In PULSE mode, this pin is at lowfor brakes (according to numerical key entries). 
When the FLASH key is pressed in the PULSE or DTMF mode, a low level Is 
output for 600 ms typ. after the beep tone is sent (even during a PULSE/DTMF 
send). The key acceptance state (OFFHOOK mode) then returns. 


22 

24 

DTMFOUT 

This DTMFOUT output pin is a bipolar follower that can drive a 100 O load 
between pin and GND. 

When a single key (numerical, Q orQ ) is pressed in the DTMF modes, dual 
tone is output. 

Pressing two or more keys In the same HOW or COL on the keyboard outputs the 
signal tone In the HOW or COL. 

If a key in c 0L4 is pressed, then the DUAL TONE or single tone In the ROW or 
cOL is not output. (Please see Electrical Characteristics.) 

M the FLASH key is pressed during DTMF sending, the beep tone is output at 
BEEPOUT and subsequent DTMF tones are not output. The ONHOOK mode Is 
entered for 600 ms typ. after the key acceptance state (OFFHOOK mode) is 
entered. 

DUAL TONE output time conditions are as follows: 

1 . 80 ms typ. for redial output 

2 . 80 ms typ. when the key entry time is within 130 ms typ. and more than the 
debouncing time 

3. DUAL TONE output is stopped at once if a key is pressed longer than 130 ms 
typ. and released. 

4. Signal tone is output from the end of debouncing time until the key is released. 
This pin is set to a high impedance state unless DTMF tone is output. 
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FUNCTIONAL DESCRIPTIONS 
Ordinal Dialing 

In OFFHOOK mode, PULSE/DTMF signals areoutput according to the key input, regardless of the number of key inputfigures. Forthe 
PULSE mode, any number of digital entries with keys 0 to 9. Forthe DTMF mode, any number of digital entries with keys Oto 9, Q and 

0 . 

Up to 26 digits can be stored in the redial memory, in the PULSE mode, a redial digit is counted for any numeric, pause, and LOT entry. 
In the DTMF mode, a redial digit is counted for any numeric, Q* 0- © entry. 

In both the PULSE and DTMF modes, one digit is counted as mode information when MODEIN is used for mode switching. After 
OFFHOOK, the first numeric entry is counted as a mode digit. In the PULSE mode the numeric key is counted as a mode digit. In the 
DTMF mode, a numeric key, Q. and 0 entry is counted as a mode digit. In either OFFHOOK or PULSE modes, the 
mode-information digit is written into the redial memory. 

Redialing Function 

The redial memory is read out to execute the redialing operation when a redial key is the first key pressed in OFFHOOK state, in the 
PULSE mode, the redial keys are @ and Q. In the DTMF mode, only the [ RED ] key is accepted for redial. 

When 27 or more digits are written into the redial memory, PULSE or DTMF signals that correspond to the key entries are output, but 
the redialing operation is ineffective because of memory overflow. At this time, even if the first key pressed after the state change from 
ONHOOK to OFFHOOK is the redial key, the entry is not accepted and the beep tone is not output in either mode of operation. 

After OFFHOOK, if a numeric or LDTkey is the first entry in PULSE mode, or the first entry in the DTMF mode is a numeric, Q, 0 or 
a single-tone key entry (excluding COL4), the redial memory is cleared and data is written into memory according to key entry 
information. 

Mixed Redialing 

Mixed redialing is executed when the mode is changed from the PULSE to DTMF mode (done by pressing the LDT key), or when 
MODE is changed during key entries. 

If, at redialing, there is a pause before or after mode switching (Including LDT), PULSE/DTMF is sent and PULSE/DTMF signals are 
transmitted after the pause. To redial when there is no pause before or after mode switching (including LDT), all operations must cease 
after mode switching and a HALT state is enabled. MODEOUT blinks (indicates that mode switching has no automatic pause) and 
prompts a pause release. 

The pause release keys in PULSE mode are Q, [ RED 1 , and the 0 key. In the DTMF mode, the [ RED ] and the @ keys are used 
for pause release. PULSE and DTMF signals can now be sent by key entry. The FLASH key is the only other acceptable entry. 

During redial output, the 0 key is the only key entry accepted. The pause release key is only accepted when MODEOUT is blinking or 
during a pause at redialing. 

Mode Switching 

During PULSE or TONE transmissions, mode switching by MODEIN is not permitted; after transmission is complete, MODEIN can be 
used for mode switching. 

When PULSE or DTMF modes are switched by MODEIN, one digit is stored into redial memory as mode information. After 
OFFHOOK, if the first key entry Is numeric in the PULSE mode, or a numeric 0 or 0 in the DTMF mode, the mode-information digit 
is written into redial memory. 
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In the PULSE mode, after the LDT key is accepted only one time, the DTMF mode is selected (regardless of MODEIN pin switching). 
The LDT key is not accepted in the DTMF mode. The MODEIN pin switching enables the desired mode of operation to be selected. 

Line Dial Tone (LDT) Function 

If the LDT key is pressed in the PULSE mode, the DTMF mode is selected and DTMF tones can be output. In PULSE mode, only the 
first LDT key is accepted after key acceptance state (OFFHCX)K mode) is entered. Once LDT key is accepted, the following LDT key 
entries are ignored. 

When the LDT key is used to enter the DTMF mode, all keys (excluding Col4 keys) provide dual-tone and single-tone outputs. (Note: 
If even one COL4 key is pressed, neither dual nor single tones are output.) The mode after that is not switched. If mode switching by 
LDT from memory is done during redialing, key entries after redialing are executed in DTMF mode regardless of the MODEIN state 
and the data is written into the redial memory. However, for effective keys (not the redial key) after ONHCX)K changes to OFFHCX)K, 
memory is reset and written in the current mode. 

Pause Function 

A pause state can be entered by pause key entry. 

In the PULSE mode, a pause Is Introduced by pressing the Q or 0 keys; In the DTMF mode (including LDT) only the 0 key is 
effective. If a pause key is the first key pressed after changing from ON HOOK to OFFHOOK, the entry is not accepted. 

One pause key entry introduces a pause state that is typically 4 seconds; contiguous pause (N X 4 seconds) can be executed by 
making consecutive key entries. The pause can be reduced by entering 0 or [ RED ] during a redialing pause time. 

In the PULSE mode, the 0 key is used as a pause release key. Multiple pauses can be sent up to 500 times faster by entering a pause 
release key, that is, N X 4 seconds becomes N X 800 milliseconds. 

Flash Function 

Keyboard entries enable ONHOOK mode. Only the 0 key is used as a FLASH key in both PULSE and DTMF modes (including LDT). 
When the 0 key is pressed, the ONHOOK mode Is entered for 600 milliseconds (typical) after beep tone is sent. During this time, the 
key entry pin is not accepted. MODEIN, MUTE, MODEOUT, and DTMF/BEEPOUT pins are placed in the high-impedance state and 
the PULSEOUT pin is set low level. After 600 milliseconds (typical), the return of OFFHOOK Is automatic and key entries can again be 
accepted. 

Test (High-speed Mode) 

A test mode circuit is built into the 1C. In the ONHOOK state, pins OSCIN and OSCOUT are pulled down by a high resistance. To 
activate the test mode, tie the OSCIN high and apply clock signal to OSCOUT. The internal circuit operates up to 128 times faster than 
normal operation. 
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Figure 2. Keyboard Configuration 
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KEY OPERATION DIAGRAM 


Redial key for PULSE mode 

[ RED (P) ) = [ RED ) or (7) 

Redial key for DTMF mode 

I RED (D)) = [ RED ) 

Pause key for PULSE mode 

[ P (P) l = ©or0 

Pause key for DTMF mode 

I P (D) ) = [PJ 

Pause release key of PULSE mode 

I PR (P)) = [ RED ). © .orpl 

Pause release key of DTMF mode 

[PR (D)l = [ RED ] or (p) 

Pause output 

- Pause 


KEY ENTRIES IN PULSE MODE 


HOOK 

MODEIN 

Key Entry 

PULSE Output 

DTMF Output 

10pps 

20pps 

ON 






OFF 

OPEN 

0© 

1-2 



ON 






OFF 

OPEN 


1-2 





© 

3 



ON 






OFF 

OPEN 


1-2-3 



ON 






OFF 

Vdd 

I RED (P) ) 

1-2-3 



ON 






OFF 

GND 


1-2-3 





0 



4 


continued on next page 
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KEY ENTRIES IN PULSE MODE 



KEY ENTRIES IN DTMF MODE 





PULSE Output 


HOOK 

MODEIN 

Key Entry 

lOpps 

20pps 

DTMF Output 

ON 






OFF 

GND 

0© 



1-2 

ON 

OFF 

GND 




1-2 



© 



3 

ON 

OFF 

GND 




1-2-3 

ON 






OFF 

OPEN 




1-2-3 

ON 

OFF 

GND 



4 

1-2-3 


continued on next page 
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KEY ENTRIES WHEN THE LDT KEY IS USED 

When there Is a pause before LPT_ 


HOOK 

MODEIN 

Key Entry 

PULSE Output 

DTMF Output 

lOpps 

20pp8 

ON 




1-2-0 



OFF 

OPEN 

rnf?)! p (P)) 


3 

ON 


[LDT J® 




OFF 

GND 

jirTgn 


1-2-0 


3 



0 



4 

ON 




1-2-0 



OFF 

Vdd 




3-4 

ON 







OFF 

GND 

jjy^gj 


1-2-0 


3-4 


KEY ENTRIES WHEN THE LDT KEY IS USED 

When there is a pause after LDT _ 


HOOK 

MODEIN 

Key Entry 

PULSE Output 

DTMF Output 

lOpps 

20pps 

ON 






OFF 

OPEN 

0@G^ 

1-2 


ON 


l P (D) ] 0 




OFF 

GND 

(RED (P)l 

1-2 


0-3 



0 



4 

ON 





0-3-4 

OFF 

Vdd 

( RED (P)l 

1-2 


ON 






OFF 

GND 

(RED <D)) 

1-2 


©^ 


continued on next page 
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KEY ENTRIES WHEN THE LOT KEY IS USED 

When there Is no pause before and after LPT_ 





PULSE Output 


HOOK 

MODBN 

Key Entry 

lOpps 

20pps 

DTMF Output 

ON 






OFF 

OPEN 

Q© 

1-2 


3 

ON 

OFF 

OPEN 


1-2-MODEOUT 

blinks 


3 



0 



4 

ON 

OFF 

Vdo 


1-2-4^0DE0UT 

blinks 


3-4 

ON 






OFF 

GND 


1-2-MODEOUT 

blinks 


3-4 


IQH KEY ENTRIES WHEN PULSE/DTMF MODE IS SWITCHED (MIXED REDIAL) 


When there Is a pause before mode switching 





PULSE Output 


HOOK 

MODEIN 

Key Entry 

lOpps 

20pps 

DTMF Output 

ON 

OFF 

OPEN 

p (P)) 

1-2-0 




Vdd 

©0ip (Pij 


3-4-(g) 



GND 

© LJ l p (D) J 


5-*-0 


OPEN 

©0 

6-7 


ON 

OFF 

OPEN 


1-2-0 

6-7 

3-4-0 

© 

i 

ON 

OFF 

VoD 


1-2-0 

&-7 

3-4-0 

5-*-0 

ON 

OFF 

GND 


1-2-0 

6-7 

3-4-0 

5-*-0 


continued on next page 
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KEY ENTRIES WHEN PULSE/DTMF MODE IS SWITCHED (MIXED REDIAL) 


When there Is a pause after mode switching 





PULSE Output 


HOOK 

MODEIN 

Key Entry 

mmmmm 

20pps 


ON 






OFF 

OPEN 

0© 

1-2 




Vdd 

IP (P))©0 


0-3^ 



GND 

[P (D) )I5J0 



0-^* 


OPEN 

( p (P) ) fil f?! 

0-6-7 



ON 





OFF 

OPEN 

[ RED (P) I 

1-2 

0-6-7 

0-3^ 

0-5-* 

ON 





OFF 

Vdd 

( RED (P) I 

1-2 

0-6-7 

0-3-t 

0-6-- 

ON 





OFF 

GND 

( RED (D) I 

1-2 

0-6-7 


0 - 5 -* 

ON 






OFF 

OPEN 

0© 

1-2 




Vdd 

©0 


3-4 



GND 

©0 



5-* 


OPEN 

©0 

6-7 



ON 






OFF 

OPEN 

(RED (P)l 

1-2-MODEOUT 





blinks 

3^MODEOUT 


(PR (P)l 




blinks 

&-*-MODEOUT 

(PR (D)l 



6-7 


blinks 

(PR (P)l 

ON 






OFF 

Vdd 

( RED (P) ) 

1-2-MODEOUT 





(PR (P)) 

blinks 

3-4-MODEOUT 




(PR {D)l 


blinks 

5-*-MODEOUT 



(PR (P)l 

6-7 


blinks 

ON 






OFF 

GND 

( RED (D) ) 

1-2-MODEOUT 





(PR (P)l 

blinks 

a^MODEOUT 




(PR (D)l 


blinks 

5-*-MODEOUT 



(PR (P)l 

6-7 


blinks 
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REDIAL MEMORY INHIBIT FUNCTION 





PULSE Output 



MODEIN 

Key Entry 

lOpps 

20pps 

DTMF Output 

ON 






OFF 

OPEN 

O0 ••• oo 

1-1.1-1 



ON 


-V-^ 

25 

25 



OFF 

OPEN 


1-1.1-1 

'-y-' 



ON 



25 



OFF 

OPEN 

QO •• Q0 

1-1.1-1 



ON 


.. . 

26 

'V' 

26 



OFF 

OPEN 


No output 





© 

2 



ON 






OFF 

OPEN 


2 



ON 






OFF 

Vdd 


2 



ON 






OFF 

GND 


2 


3 

ON 






OFF 

ON 

OPEN 




1-1.1-1 

'- V -' 

25 

OFF 

OPEN 

I red (P) I 



1-1.1-1 

ON 





V y, ✓ 

25 

OFF 

OPEN 

00C^00 - 

1-1 


1-1.1-1 

'- V -' 

ON 


23 



23 

OFF 

OPEN 

[RED (P)] 

No output 


No output 
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RECOMMENDED OPERATING CONDITIONS 






Value 


Parameter 

Symbol 

Pin Name 

Condition 

Min 

I I 

I Max I 

Unit 

Power Supply Voltage 

Vdd 

myi 

PULSE mode and memory 
retention mode 

2.0 

■ 

m 

V 

DTMF mode 

2.5 


6.0 

V 

Input Voltage 

D 

All 

Inputs 


0 

■ 

Vdd 

V 

Output Load 

Resistance 

Ro 

DTMFOUT 

Between output pin and GND 

0.1 

■ 

20 

kO 

Operating Temperature 

■■ 



-30 


60 

D 
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ELECTRICAL CHARACTERISTICS 


Vdd: pulse mode = 2.0 to 6.0 V, Vqd: UTMF mode S 2.5 to 6.0 V, TA S -30 to 60°C 







Value 


Parameter 

Symbol 

Pin Name 


Condition 

Min 

lyp 

Max 

UnK 


bo 


Ail output pins are 
open in DTMF mode 


2.5 


mA 


Idp 


Ail output pins are 
open in PULSE mode 


1.0 

llQQlll 

mA 

Power Supply 
Current 

bsT 

■ 

All output pins, HKS 
pin open in Standby 


1.5 

10 

pA 

boi 

Vdd = 
2.5V 

All output pins 
open in DTMF 


1.0 

IIIQIIIII 

mA 


•dpi 


Ail output pins 
open in PULSE 


0.3 

0.6 

mA 


TDST1 

■ 

TA- 

25®C 

All output pins 
HKS open in 
Standby 



1.0 

pA 

Digital input 

V,H1 

CaCTtoCDC? 


0.8 Vdd 

■ 

Vdd 

D 

Voltage 1 


NOWl to TOW4 


B 

■ 

IVoo 

D 

Digital Input 

V|H2 

HKS, FCNT 
MODEIN, SCNT 
MA/BR 


0.8 Vdd 

■ 

Vdd 

D 

Voltage 2 

V,L2 


0 


5 Vdd 

D 

Digital Input 

Current 1 

l|H1 


11 

> 

-0.01 

■ 

iVoo 

mA 

•iLI 

CDCTtoCCO 
ROW1 TO ROW4 

V,-GND 

—0.01 Vqo 

■ 

0.01 

mA 

Digital input 

Leakage Current 1 

l|Z1 


Key entry HZ 
GND<V,<Vdd 

-10 

■ 

10 

pA 

Digital input 

Current 2 

l|H2 


< 

II 

-0.01 

■ 

75''“ 

mA 

l|L2 

MODEIN 

V|-GND 

-1/75 

Vdd 


0.01 

mA 

Digital Input 

Leakage Current 2 

l|Z2 


MODEIN HZ 
GND<V,<Vdd 

-10 

■ 

10 

pA 

Digital Input 

l|L3 

MA/BR, SCNT, 
FCNT 

V| - GND 

-10 

■ 

10 

pA 

Current 3 

l|H3 

HKS, MA/BR, 
SCNT, FCNT 

II 

> 

-10 

■ 

10 

pA 


continued on next page 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Pin Name 

Condition 

Value 

Unit 

Min 

lyp 

Max 

Pull-up 

Resistor 

RPLU 

HKS 


100 

200 

400 

kO 

Digital Output 

Voltage 

VoH 

MODEOUT 

BEEPOUT 

Iqh t= —0.2mA 

Vdd —0.5 


Vdd 

V 

VoL 

MODEOUT, 
PULSEOUT, 
MOTE, BEEPOUT 

loL *= 0.5mA 

D 


0.5 

B 

Digital Output 

Off Leakage 

Current 

loL 

MUTE, 

pucseout; 

MODEOUT, 

BEEPOUT 

GND<Vo<Vdd 

-10 


10 

pA 

External Resistance 
when digital input is 
open 

Rdio 

ROW1 TO ROW4 
CDCTtoUDR 
RKS, MODEIN 

Resistance connected to 
external circuit when in¬ 
put is open. The other 
end of the resistance 
must be between O V 
and VoD. 

1 



MQ. 

Pull-down 

Resistance 

RpLD 

OSCIN, 

OSCOUT 

ONHOOK mode 

75 

150 

300 

kQ 

Oscillator 

Frequency 

OsCIN 



3.579545 


MHz 

DTMF Output 

Voltage 

100O placed 
between output 
pin and GND. 

Aqut 

DTMFOUT 

No signal is output 


0 


V 

Offset voltage when 
signals are output 


0.6 Vdd 
-0.75 


m 

DTMF TONE output voltage 


1.44 


Vp-p 

ROW single tone 
output voltage 


0.64 


Vp-p 

COLUMN single tone 
output voltage 


0.80 


Vp-p 

COLUMN/ROW tone ratio 


2.0 


dB 

Redial Memory 

Digit 

Nrkey 

CDCTtoCDE^ 

RDWTTOROWT 


■ 


26 

digits 

Make Ratio 

Wmake 


MA/BR = Vdd 


39 


% 

MAyBR = GND 


33 


% 

Oscillation 

Start time 

toss 

OSCIN, 

OSCOUT 


B 

8 

16 

ms 

Oscillation 

Stop time 

tossp 

B 

8 

16 

ms 


continued on next page 
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ELECTRICAL CHARACTERISTICS 



7 


continued on next page 
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ELECTRICAL CHARACTERISTICS 
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ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

Pin Name 

Condition 

Value 

Unit 

Min 

lyp 

Max 

MO VE LOW Output 
Hold time 2 

tMUSP2 

MUTE 

Single Tone Output 

B 


8 

ms 

DUAL TONE Output 
Time 

tvyoT 

DTMF/BEEPOUT 


78 

80 

82 

ms 

DTMF Interpause 

Time 

w 


78 

80 

82 

ms 

Single Tone 

Output start time 

tsis 

SCNT-Vdd 


31 


ms 

Single Tone 

Output stop time 

tsisp 


B 

■ 

45 

ms 

DUAL TONE 

Output start time 

toTS 


B 

39 

B 

ms 

DUAL TONE 

Output stop time 

toTSP 


B 

■ 

5 

ms 

MUTE Hold Time 1 
by PAUSE key 
entry 

tpSMI 

MOTE 


0 

10 

20 

ms 

MUTE Hold Time 2 
by PAUSE key 
entry 

tpSM2 


75 

90 

105 

ms 

MODEOUT Blinking 
Start time 

tMOST 

MODEOUT 


0 

5 

10 

ms 


DTMF OUTPUT SIGNALS 


Item 

Symbol 

Standard DTMF 
(Hz) 

DTMF Output Signal* 

(Hz) 

Error to standard TDMF 
(%) 

ROW1 

FR1 

697 

696.95 

-0.01 

ROW2 

FR2 

770 

770.13 

+0.02 

ROW3 

FR3 

852 

852.27 

+0.03 

ROW4 

FR4 

941 

940.99 

-0.01 

COL1 

FC1 

1209 

1209.31 

+0.03 

COL2 

FC2 

1336 

1335.65 

-0.03 

COL3 

FC3 

1477 

1476.71 

-0.02 

Note: *Oscillati 

on frequency 3.57 

)545 MHz 
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MB87029 


Figure 4. Key Input Timing 



Key release is recognized if tow level is longer than 23 ms fyp. 
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TIMING CHART 1-A 


When there is a pause before LOT kev In PULSE mode 



TIMING CHART 1-B 

When there is a pause before LDT key in PULSE mode 
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MB87029 


TIMING CHART 2-A 

When there Is no pause before or after LDT kev in PULSE mode 



TIMING CHART 2-B 

When there is no pause before or after LDT kev in PULSE mode 



7-145 




















MB87029 


TIMING CHART 3-A 



In DTMF mode 
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May 1991 
Edition 2.0 


FUJITSU 


DATA SHEET 


MB87057 

DTMF RECEIVER 


DUAL TONE MULTI FREQUENCY RECEIVER 


The MB87057 is a one chip DTMF receiver with an input amplifier gain adjuster and 
low power consumption, integrating filter and decoder circuits. The MB87057 can 
automatically set guard times. 

This circuit consists of SCFs (Switched Capacitor Filters) and decoders which 
convert 16 types of DTMF tone pairs into hexadecimal four-bit codes. 


• All DTMF receiver functions are integrated on one chip. 

• Low power consumption 

• Built-in input amplifier gain adjustment circuit 

• Automatic guard time setup 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Ratings 

Symbol 

Value 

Unit 

Supply Voltage 

Voo 

+6.0 

V 

Analog Input Voltage 

Vain 

—0.3 to Voo + 0.3 

V 

Digital Input Voltage 

Vdin 

—0.3 to Vdd + 0.3 

V 

Operating Temperature 

Ta 

Oto +70 


Storage Temperature 

T«g 

-55 to+125 

°c 



PLASTIC PACKAGE 
(DiP-18P-M02) 



PLASTIC PACKAGE 
(FPT-24P-M02) 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods 
may affect device reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. How¬ 
ever, it is advised that normal precautions be taken to avoid 
application of any voltage higher than maximum rated volt- 
ages to this high Impedance circuit._ 


Copyright® 1991 by FUJITSU LIMITED 



























MB87057 


PIN ASSIGNMENT 


PIN ASSIGNMENT 

(TOP VIEW) 


PIN ASSIGNMENT 

(TOP VIEW) 


A,n [Z 

1 

18 

Gai [Z 

2 

17 

Ga2 \Z 

3 

16 

Vref [Z 

4 

15 

AG [Z 

5 

14 

TEST [Z 

6 

13 

OSC1 \Z 

7 

12 

OSC2 [Z 

8 

11 

GND [Z 

9 

10 


Ga2 

NC 

Vref 

AG 

TEST 


1 

24 

3 Vdd 

2 

23 

1 GT 

3 

22 

3 NC 

4 

21 

3 DF 

5 

20 

3 DS 

6 

19 

3 Q4 

7 

18 

3 Q3 

8 

17 

3 NC 

9 

16 

3 NC 

10 

15 

3 02 

11 

14 

3 Qi 

12 

13 

3 TOE 


(DIP-18P-M02) 


(FPT-24P-M02) 


BLOCK DIAGRAM 


(DIP PACKAGE) 
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MB87057 


PIN DESCRIPTIONS 


[ pin Number 

Symbol 

I/O 

Deecriptk>n 

CHP 

FPT 

1 

1 

Ain 

I 

Analog input pin (non-inverted operational amplifier input) 

2 

2 

Gai 

n 

Operational amplifier gain adjustment pin 1 (inverted operand amplifier in- 
put). 

Operational amplifier gain adjustment pin 2 (operand amplifier output pin). 

* These pins are provided for operational amplifier gain adjustment. The 
polarity of Gai is opposite to that of Gae. 

3 

3 

Ga2 

o 

4 

5 

VrEF 

o 

Reference voltage output pin. (1/2 Voo) 

5 

6 

AG 

- 

Analog ground pin 

6 

7 

TEST 

- 

Test pin. Usually set to ground level. 

7 

8 

OSC1 


Clock input pin. 

Clock output pin. 

* Connect a 3.5795 MHz crystal between OSC1 and OSC2 pins. 

8 

11 

OSC2 

o 

9 

12 

GND 

- 

Ground pin 

10 

13 

TOE 

■ 

Three-state output enable pin. 

♦ Data from Qi to Qa may be output when this pin is set to "High”. 

11 to 14 

14. 15 

18, 19 

Qi to Qa 

o 

Three-state data output pin. 

15 

20 

DS 

o 

Signal detection pin. 

* This pin goes to “High” when an available tone pair is received and de¬ 
coded, and the data in the output data-bus is updated. 

16 

21 

DF 

o 

Frequency detection pin. 

* This pin goes to “High” when a received tone pair is acknowledged as 
the valid DTMF signal frequency. 

17 

23 

GT 

0 

Since "H” has been output, secure the pin in the “Open” or Vdd position. 

18 

24 

Vdd 

■ 

Positive supply voltage pin. 

* The voltage must be +5 V ±5%. 

- 

m 

NC 

■ 

No connection 
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MB87057 


FUNCTIONAL DESCRIPTIONS 

1. FILTER 

The filters consist of 3 sixth-order SCFs. The dial tone removal filter (including the 60 Hz filter). Output Is connected to the individual 
hysteresis comparators through the low group and high group filters. 

in the figure below, the solid line shows the characteristics of the low group filter while the broken line shows the characteristics of the 
high group filter. At a frequency of 770 Hz, it is assumed that 0 dB are lost. Therefore, this point is used for reference. 



2.1 Digital Frequency-detecting Circuit 

The DF (Detect Frequency) pin goes to "High” when the detector circuit acknowledges the output signals from the two comparators 
as valid DTMF signal frequencies in the digital frequency detecting block. 

2.2 Guard Time Setup Circuit 

The automatic setup mode Is provided for guard time setup. Guard time has two types: GTP (Guard Time Present) and GTA 
(Guard Time Absent). 

2.2.1 Automatic guard-time setup circuit 

The automatic guard time setup circuit sets both toTP and toxAto 20 ms. The output signal from the filters may be acknowledged 
as a DTMF signal if: 

(D A signal with valid DTMF frequency lasts more than 40 ms. This signal is decoded into a DTMF signal. 

These pulses correspond to the input signal enable period and disable period for alternative current 
characteristics. 

(D A period of more than 40 ms exists between DTMF signals n and (n +1). If this is not the case the DTMF signal (n + 
1) is disabled. 

These pulses correspond to the inter-digit pauses for acceptance and rejection for alternative current 
characteristics. 

in 0, it takes the DS (Detect Signal) pin GTP to acknowledge that the input signal is a DTMF signal after DF switches to 
"High”. The DS pin switches to "High” when the input signal is acknowledged as a DTMF signal. 

In @, It takes the DS pin GTA to disable DTMF signal n after DF switches to "Low”. The DS pin switches to "Low” when 
the signal is disabled. (See Page 8 for the timing chart.) 

tsOA > tcTP + tpOF 
tiDA > tAOP + toTA 


7-152 









MB87057 


FUNCTIONAL DESCRIPTIONS 

3. OUTPUT CIRCUIT 

When the signal detector pin (DS) switches to “High”, a received tone pair is stored in the output circuit register. The output latch 
status may be output on the output bus by setting the three state control input (TOE) to "High". 


4. SAMPLE DIFFERENCE INPUT CONFIGURATION 

The MB87057 uses a difference input amplifier and provides for a bias power source (Vref) to apply a bias voltage to the input signal. 
This also allows a pin to connect a gain adjustment resistor to the amplifier output. 


I- 



ROWO 


COLO COL1 COL2 COL3 

ZIIZILZIli] 


ROW1 4 


ROW2 


ROW3 


EJHEIE] 

0HIZI0 

DTMF Dial Matrix 


Dial 

Ain input 

iiHi 

Output 

LOW group: 
to 

High group: 
fo 

TOE 

O4 

Q3 

HI 

Qi 

1 

697 

1209 

1 

0 

0 

0 

1 

2 

697 

1336 

1 

0 

0 

1 

0 

mm 

697 

1447 

1 

0 

0 

1 

1 

4 

770 

1209 

1 

0 

1 

0 

mm 

5 

770 

1336 

1 

0 

1 

0 

1 

6 

770 

1477 

1 

0 

1 

1 

0 

7 

852 

1209 

1 

0 

1 

1 

1 

8 

852 

1336 

1 

1 

0 

0 

0 


852 

1477 

1 

ni 

■■ 


mm 

0 

941 

1336 

1 

1 

0 

1 

0 

♦ 

941 

1209 

1 

1 

0 

1 

1 

# 

941 

1477 

1 

mm 

■1 

■■ 

■■ 

wm 

697 

1633 

1 

1 

1 

0 

mm 

B 

770 

1633 

1 

1 

1 

1 

0 

C 

852 

1633 

1 

1 

1 

1 

1 

D 

941 

1633 

1 

0 

0 

0 

0 
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MB87057 


RECOMMENDED OPERATING CONDITIONS 



symbol 

Rating 

Unit 


Typical 

Maximum 

Supply Voltage 

VoD 

4.75 

5.0 

5.25 

V 

Input Voltage 

V, 

0 

- 

Vdd 

V 

Oscillation Frequency 

fosc 

3.5759 

3.5795 

3.5831 

MHz 

OSC1 Pin Load Capacitance 

Cloi 

10.0 

- 

50.0 

pF 

OSC2 Pin Load Capacitance 

Cloo 

10.0 

- 

50.0 

pF 

GA2 Pin Load Resistance 

Ria 

50 

- 

- 

kO 

GA2 Pin Load Capacitance 

Cla 


- 

100 

pF 

Operating temperature 

Ta 

0 

- 

70 

o 

o 


DC CHARACTERISTICS 

Vdo - 5 V ±5%, Ta - 0°C to 70°C 


Paramotor 

Symbol i 


Rating 

Unit 

Mrnirtium 

Typical 

; Maximtim 

Supply Voltage 

Voo 


4.75 

5.0 

5.25 

mm 

Power Consumption 

Po 

f = 3.58 MHz, Vdd - 5 V 

- 

25 

37 

mW 

Low Level input Voltage 

IQHII 


0 

- 

0.8 

V 

High Level Input Voltage 



2.0 

- 

Vdd 

mm 

Low Level Input Leak Current 

ilL 

V, = GND 

-10 

- 

10 

pA 

High Level Input Leak Current 

i.H 

V,-Vdd 

-10 

- 

10 

pA 

Low Level Output Voltage 

VoL 

loL» 2 mA 

0 

- 

■■ 

■1 

High Level Output Voltage 

VOH 

loH * -0.4 mA 

2.4 

- 

Vdd 

mm 

Vref Output Voltage 

Vref 


- 

2.5 

- 

V 
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MB87057 


AC CHARACTERISTICS 


Vdd = 5 V ±5%, Ta = 0°C to TO^C 


Parameter 

iiiiiil 

Conditlott 

Rating 

unit 

Minimum 

Typical 

Maximum 

Signal Input Level 

■’ 


Ta = 25°C, Vdd = 5V 

-29 

-10 

-1 

dBm 

TWIST 

•2 



- 

±10 

- 

dB 

Allowable Frequency Deviation 



±1.5 ±2 Hz 

- 

- 

% 

Prohibited Frequency Deviation 



±3.5 

- 

- 

% 

Allowable Noise Level 

•3 



- 

-12 

- 

dB 

Allowable Dial Tone Level 

•4 



- 

22 

- 

dB 

•5 

Input Signal Detection Timing (Present) 

tpDF 


5 

11 

14 

ms 

•5 

Input Signal Detection Timing (Absent) 

tADF 


0.5 

4 

8.5 

ms 

Input Signal Enable Period (Accept) 

•5 

tsOA 


- 

- 

40 

ms 

Input Signal Enable Period (Reject) 

•5 

tsDR 


20 

- 

- 

ms 

Inter-digit Pause (Accept) 

•5 

tiPA 


- 

- 

40 

ms 

Inter-digit Pause (Reject) 

•5 

tiPR 


9 

- 

- 

ms 

Input Clock Frequency 

f.N 


3.5759 

3.5795 

3.5831 

MHz 

Clock Rise Time 

tr 


- 

- 

110 

ns 

Clock Fall Time 

tf 


- 

- 

110 

ns 

Clock Duty 

DR 


- 

50 

- 

% 


♦1 dBm: 600 ohm reference 

*2 TWIST = High group tone voltage/Low group tone voltage 

+3 Allowable noise = Total allowable noise within the range 300 Hz to 3.4 kHz/Minimum amplitude tone level in valid tone pairs 
*4 Allowable dial tone level = Total allowable normal dial tone volume/Minimum amplitude tone in valid tone pairs 
*5 See Timing Chart. 
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MB87057 


TIMING CHART 



GT 



#N+ 1 
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MB87057 


PACKAGE DIMENSIONS 


18-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(case No.: DIP-18P-M02) 




Dimensions in 
inches (millimeters) 
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Section 8 


Coders/Decoders (CODECs) — At a Glance 




Companding 


Package 


Page 

Device 

Law 

Operation 

Options 


8-3 

MB6021A* 

^-Law 

Sync/Async 

16-pin Plastic 

DIP 


6022A 

A-Law 

Sync/Async 

18-pad Plastic 

LCC 


* Available in North America only 
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October 1991 


—-- DATASHEET 

MB6021/6022 

PCM CODEC 


FUJITSU 


The Fujitsu CMOS 6D6020 series consists of both ^<law and A-law single-chip 
codec/filter ICs for either synchronous-only or sync/async operation. These 
monolithic, single-channel, voice-frequency codecs incorporate both transmit and 
receive circuitries that are used for PCM (pulse coded modulation) systems. 


• Transmit high-pass and low-pass filters 

• Receive low-pass filter with SinX/X Correction 

• Anti-aliasing filter 

• Conforms to CCITT and AT&T specifications 

• Synchronous and asynchronous operation: MB6021, MB6022 

• Serial data rates of 64 kHz to 3.152 MHz 

• PLL circuits as internal clock generator 

• Internal voltage reference 

• Internal auto-zero circuit 

• TTL compatible digital interface 

• Input gain adjust amplifier 

• Pin selectable on-chip analog loopback 

• p-law: MB6021 
A-law: MB6022 

• Package: 16-pin ceramic DIP package (Suffix: -CZ) 

ABSOLUTE MAXIMUM RATINGS 


Rating 

Symbol 

Pin 

MB6021 

MB6022 

Min. 

Max. 

Unit 

Positive Supply Voltage 

+Vs 

7 

-0.3 

7 

V 

Negative Supply Voltage 

-Vs 

16 

-7 

0.3 

V 

Reference Supply 

Voltage 

Vref 

6 

-Vs 

+Vs 

V 

Analog Input Voltage 

Vain 

1 

-Vs-^.3 


— 

Digital Input Voltage 

Vdini 

8, 9,10, 

11, 12 

-0.3 



Digital input Voltage 

VdiN2 

14 

-Vs-0.3 

+Vs+0.3 

D 

Storage Temperature 

Tstg 


-55 

150 

ra 


Note: Permanent device damage may occur if absolute maximum ratings are ex¬ 
ceeded. Functional operation should be restricted to the conditions as de¬ 
tailed in the operation sections of this data sheet. Exposure to absolute maxi¬ 
mum rating conditions for extended periods may affect device reliability. 



Ceramic Package 
CERDIP 
DIP-16C-C04 


Pin Assignment 


AINC 

1 


16 

□ -VS 

GA1C 

2 


15 

□ dout 

GA2C 

3 


14 

□ pd/l 

AG C 

4 

Top 

13 

□ dg 

aoutC 

5 

View 

12 

□ XSYNC 

Vref^-C 

6 


11 

□ RSYNC 

+Vs C 

7 


10 

□ XCLK 

DIN C 

8 


9 

□ RCLK 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 


© 1991 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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MB6021 

MB6022 


FUNCTIONAL DESCRIPTION 

The transmit section in the upper-half of the block diagram is composed of an input gain amplifier, an anti-aliasing filter (ANTI-ALIAS), 
a band-pass filter (COS, LPT, and HPF), and a compressing coder (CODER). An auto-zero circuit (AZ) is also included In this section. 
The receive section (lower half) is composed of an expanding decoder (DECODER) and a low-pass filter (LPF). 


TRANSMIT SECTION 

Analog signals are input to an operational amplifier to provide gain adjustment. This amplifier is followed by a 2nd order analog 
anti-aliasing filter (ANTI-ALIAS). This filter provides attenuation of 40 dB (typical) at the 256 kHz effective clock frequency of the 
following switched capacitor cosine filter (COS). From the cosine filter, the signals enter a 5th order low-pass (LPF) clocked at 128 kHz, 
followed by a 3rd order high-pass filter (HPF) clocked at 128 kHz. The resulting band-pass characteristics meet both the D3/D4 
specification and the CCIT G.712 recommendation. The output of the high-pass filter is then sampled by the coder (CODEC) at 8 kHz. 
This coder transforms the analog signals into 8-bit words using compressing law. The encoded PCM data is then output serially from 
the OUTPUT REGISTER at a frequency determined by the external clock, 64 kHz to 3.152 MHz. An auto-zero circuit (AZ) is utilized for 
DC offset correction. 


RECEIVE SECTION 

This filter smooths the decoded signals and corrects for SinX/X attenuation caused by the 8 kHz sample and hold operation. The 
decoder (DECODER) reconstructs the analog signals from the PCM data using expanding law. The decoder Is followed by a 5th order 
low pass filter (LPF). This filter smooths the decoded signals and corrects them for the SInX/X attenuation due to the 8 kHz sampling 
and holding operation. 


INTERNAL CLOCK 

Two independent phase locked loops (PLL) generate internal clocks for the transmit and receive sections from the respective 
synchronization clocks (XSYNC and RSYNC). 

ANALOG LOOPBACK MODE 

The analog loopback mode allows all decoding and coding functions to be exercised without using the analog input (AIN) and analog 
output (AOUT). In this mode, a digital input signal is decoded and internally routed to the transmit filters. 

The output is available from the digital output (DOUT). The analog output (AOUT) is forced to the analog ground (AG) level. The analog 
loopback mode Is selected by connecting the PD/L Input to the negative supply voltage (-VS). 



POWER DOWN MODE 

Two powerdown modes are provided. The transmit and receive sections Independently go into powerdown operation in the absense 
of the respective synchronization clock (XSYNC and RSYNC). If the external power down input (PD/L) is connected to a TTL low level, 
both the transmit and receive section are powered down regardless of the synchronization clocks. During power down operation, 
AOUT is forced to the level of AG, and DOUT goes into a high-impedance state. 


TEST MODE 


The VREF/T pin is connected to-VS, test mode allows independent evaluation of the coder and decoder. In this mode, AIN is internally 
connected to the Input of the coder and Its output is available on the DOUT pin. Also, the output of the decoder is made available on pin 
AOUT. 
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MB6021 

MB6022 


PIN DESCRIPTION 


MB6021, MB6022 

Description 

Pin Name 

Pin No. 

AIN 

1 

Analog Input. This is an input pin for analog signals to be filtered and coded. 

GA1 

GA2 

2 

3 

Gain Adjust 1 

Gain Adjust 2 

These pins are provided for adjusting the gain of transmit section. GA1 and GA2 are the inverting 
input and output of the amplifier, respectively. GA2 can drive a load impedance of 10 to 20 id2 and 
50 pF or less. 

AG 

4 

Analog Ground. All analog signals are referenced to this pin. 

AOUT 

5 

Analog Output. This pin outputs the decoded and filtered analog signals. It can drive a load im¬ 
pedance of 3 KQ or greater, and 100 pF or less. This output is forced to AG level in the analog 
toopback mode and power down mode. 

VREF/T 

6 

Reference Voltage Supply/Test. This pin is provided for the supply of an external voltage refer¬ 
ence, for the selection of an internal reference, or for the selection of test mode. If VREF/T is 
greater than 2 V, the external voltage reference is selected. In this mode, a 2.5 V reference is rec¬ 
ommended. If this pin is at the TTL low level or left open, the internal reference (2.5 V) Is se¬ 
lected. If this pin is connected to -VS, the test mode with the internal reference results. In this 
mode, AIN is internally connected to the input of the coder and its output is available on the DOUT 
pin. 

Also, the output of the decoder is directly available on the AOUT pin. 

+VS 

7 

Positive Voltage Supply, +5 V ± 5%. 

DIN 

8 

Digital Input. This is a TTL compatible input to the decoder and accepts an eight-bit data word into 
the shift register on the falling edge of RCLK. 

RCLK 

9 

Receive Clock. This TTL compatible input defines the bit rate on the receive PCM highway. The 
device can operate with clock rates of 64 kHz to 3.152 MHz. The digital PCM codes are accepted 
on the falling edge of the clock. 

XCLK 

10 

Transmit Clock. This TTL compatible input defines the bit rate on the transmit PCM highway. The 
device can operate with bit rates of 64 kHz to 3.152 MHz. The digital PCM codes are shifted out 
of the digital output (DOUT) pin on the rising edge of the XCLK. 

RSYNC 

11 

Receive Synchronization Clock. This TTL compatible input defines the beginning of the receive 
timeslot on the receive PCM highway. It must be synchronized with RCLK. The clock rate is typi¬ 
cally 8 kHz and its duration can be equal to or more than one RCLK cycle. 

XSYNC 

12 

Transmit Synchronization Clock. This TTL compatible input defines the beginning of the transmit 
timeslot on the transmit PCM highway. It must be synchronized with XCLK, The clock rate is typi¬ 
cally 8 kHz and its duration can be equal to or more than one XCLK cycle. 

DG 

13 

Digital Ground. All digital signals are reference to this pin. 

PD/L 

14 

Power Down/Analog Loopback. This three level input is provided for the selection of power down 
mode or analog loopback mode. If this pin is at the TTL high level, the normal operation Is se¬ 
lected. If this pin is at the TTL low level, the device is powered down regardless of the synchroni¬ 
zation clocks. 

If this pin is connected to -VS, the analog loopback mode is selected. In this mode, the output of 
the receive filter in Internally connected to the input of the transmit filter and AOUT is forced to AG 
level. 

DOUT 

15 

Digital Output. This is a TTL compatible open-drain output. A pull-up resistor greater than 0.5 ki2 
must be connected to +VS. PCM digital codes are shifted out of the device on the rising edges of 
XCLK in a serial format. This output goes into high-impedance state when eight bits are shifted 
out of the output shift register. 

-VS 

16 

Positive Voltage Supply, -5 V ± 5%. 
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MB6021 

MB6022 


RECOMMENDED OPERATING CONDITIONS 


Rating 

Pin 

Symbol 

Value 

Unit 

Min. 

TVp. 

Max. 

Posrtive Supply Voltage 

7 

+VS 

+4.75 

+5.0 

+5.25 

V 

Negative Supply Voltage 

16 

~vs 

-5.25 

-5.0 

-4.75 

V 

External Reference Voltage 

6 

Vref 

— 

2.5 

— 

V 

Internal Reference Voltage* 

6 

V,REF 

-0.8 

0 

0.8 

V 

Digital Output Load Resistance 

15 

Rdl 

0.5 

— 

— 

Idl 

Digital Output Load Capacitance 

15 

Cdl 

— 

— 

144 

pF 

Analog Output Load Resistance 

5 

Rl 

3 

— 

— 

kQ 

Analog Output Load Capacitance 

5 

Cl 

■— 

— 

100 

pF 

Operating Temperature 

— 

Top 

0 

25 

70 

‘^C 


Not©: *VREF/T pin (pin No. 6) may be left open to select Internal Reference Voltage 
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MB6021 

MB6022 


DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 






Value 


Parameter 

Conditions 

Pin 

MB6021/22 

Symbol 

Min. 

TVp. 

Max. 

Unit 

Positive Supply Current 

Operating 

7 

+lvs 


7.0 

10.0 

mA 

Negative Supply Current 

Operating 

16 

-Ivs 

-10.0 

-5.0 

— 

mA 

Positive Supply Current 

XSYNC * RSYNC * VIL 
SYNC = VIL 

7 

+IVSST 

— 

1.0 

2.0 

mA 

Power Down Mode 

PD/L = VIL 




0.3 

1.0 

mA 

Negative Supply Current 

XSYNC = RSYNC = VIL 
SYNC = VIL 

16 

-IVSST 

-0.5 

-0.1 

— 

mA 

Power Down Mode 

PD/L = VIL 



-^.5 

-0.1 

— 

mA 

Reference Supply Current 

VREF/T = 2.5V 

6 

IvREF 

10 

40 

100 

pA 

Digital Input High Voltage 


8, 9,10, 11, 
12,14 

V,H 

2.0 

— 

+VS 

V 

Digital Input Low Voltage 


8, 9,10,11, 
12,14 

V,L 

0 

— 

0.8 

V 

Digital input High Current 


8, 9,10, 11, 
12,14 

IlH 

— 

— 

10 

pA 

Digital input Low Current 


8, 9,10,11, 
12,14 

IlL 

— 

— 

10 

pA 

Digital input Capacitance 


8, 9,10,11, 
12,14 

Cdini 


— 

10 

PF 

Digital input Capacitance 


— 

CdIN2 

— 

— 

20 

PF 

Digital Output Low Voltage 

Rdl « 0.5 kO 
+loL * 0.4 mA 

15 

VoLI 

— 

— 

0.4 

V 

Digital Output Leakage Current 


15 

Ilo 

— 

— 

10 

pA 

Digital Output Capacitance 


15 

Cdout 

— 


12 

pF 

Analog input Offset Voltage 


1 

AinoFF 

-200 

0 

200 

mV 

Analog Input Resistance 


1 

Rain 

300 

— 

— 

kO 

Analog Input Capacitance 


1 

Cain 

— 


10 

pF 

Analog Output Offset Voltage 


5 

Aoutoff 

-150 

— 

150 

mV 

Analog Output Resistance 

i 

5 

Raout 

— 

10 

30 

a 
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MB6021 

MB6022 


AC CHARACTERISTICS (MB6021, MB6022) 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Conditions 

Pin 

MB6021/22 

Symbol 

Value 

Unit 

Min. 

lyp- 

Max. 

Digital Input Rise Time 

0.8 V -> 2.0 V 

8. 9,10, 

11,12 

tr 

— 

— 

50 

ns 

Digital Input Fall Time 

2.0 V -> 0.8 V 

8. 9,10, 
11,12 

tf 

— 

— 

50 

ns 

Shift Clock Frequency 

— 

9,10 

Fc 

64 


3152 

kHz 

Shift Clock High Width 

V,h = 2.0V 

9,10 

twCH 

140 

— 

—• 

ns 

Shift Clock Low Width 

V,L = 0.8 V 

9,10 

twCL 

140 

— 


ns 

Synchronization Frequency 

__ 

11. 12 

Fs 

— 

8 

— 

kHz 

Synchronization High Width 

V,H = 2.0 V 

11. 12 

twSH 

1/Fc 

Fc: MHz) 

— 

117 

\iA 

XSYNCtoXCLK Delay 

— 

10, 12 

tsx 

100 

— 

— 

ns 

XCLKto XSYNC Delay 

— 

10,12 

txs 

50 


— 

ns 

RSYNCtoRCLK Delay 

— 

9.11 

tsR 

100 

__ 

— 

ns 

RCLKtoRSYNC Delay 

— 

9.11 

Irs 

50 

— 

— 

ns 

RCLKto DIN Delay 

— 

8,9 

Ird 

50 

— 

— 

ns 

DIN to RCLK Delay 

— 

8.9 

toR 

50 

— 

— 

ns 

XCLK or XSYNC to DOUT 

Delay 

Note 1, Bit 1 

10,12,15 

tZD 

30 

— 

200 

ns 

XCLKto DOUT Delay 

Note 1, Bit 2 - 8 

10, 15 

txD 

30 


— 

ns 

XCLK to DOUT Disable Time 

High-Z 

10.15 

Idz 

30 

— 

— 

ns 

DOUT Fall Time 

— 

_15_, 

toF 

10 

— 

100 

ns 


Note: DOUT Load Conditions: Rql = 0.5 kQ, Cdl =144 pF, +Iol = 0.4 mA 
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MB6021 

MB6022 


TRANSMISSION CHARACTERISTICS OF (i-LAW (MB6021) 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Conditions 

Symbol 

Value 

Unit 

Min. 

Typ. 

Max. 

Signal to Distortion (A to A) 

1020 Hz tone 
(C message) 

+3 to -30 dBmO 
-40 dBmO 
-45 dBmO 

SDA 

35.0 

30.0 

25.0 

— 

— 

dB 

dB 

dB 

Signal to Distortion (A to D) 

1020 Hz tone 
(C message) 

+3 to -30 dBmO 
-40 dBmO 
-45 dBmO 

SDX 

36.0 

31.0 

26.0 

— 

— 

dB 

dB 

dB 

Signal to Distortion (D to A) 

1020 Hz tone 
(C message) 

+3 to -30 dBmO 
-40 dBmO 
-45 dBmO 

SDR 

36.0 

31.0 

26.0 

— 


dB 

dB 

dB 

Gain Tracking (A to A) 

1020 Hz tone 

+3 to -40 dBmO 
-40 to-50 dBmO 
-50 to -55 dBmO 

GTX 

-0.4 

-0.8 

-2.0 

- 

0.4 

0.8 

2.0 

dB 

dB 

dB 

Gain Tracking (A to D) 

1020 Hz tone 

+3 to -40 dBmO 
-40 to -50 dBmO 
-50 to -55 dBmO 

GTX 

-0.2 

-0.4 

—0.8 

— 

0.2 

0.4 

0.8 

dB 

dB 

dB 

Gain Tracking (D to A) 

1020 Hz tone 

+3 to -40 dBmO 
-40 to -50 dBmO 
-50 to -55 dBmO 

GTR 

-0.2 

-0.4 

-0.8 

— 

0.2 

0.4 

0.8 

dB 

dB 

dB 

Frequency Response (A to A) 

0 to 60 Hz 

60 to 300 Hz 

300 to 3000 Hz 

3000 to 3400 Hz 

3400 to 4600 Hz 

4.6 to 12 kHz 

Relative to 0 dBmO, 820 Hz 

FRA 

24.0 
-0.2 
-0.2 
-0.2 
Note 1 
64.0 

“ 1 

0.3 

1.6 

dB 

dB 

dB 

dB 

dB 

dB 

Frequency Response (A to D) 

0 to 60 Hz 

60 to 300 Hz 

300 to 3000 Hz 

3000 to 3400 Hz 

3400 to 4600 Hz 

4.6 to 12 kHz 

Relative to 0 dBmO, 820 Hz 

FRX 

24.0 
-0.1 
-0.1 
-0.1 
Note 2 
32.0 

— 

0.15 

0.8 

dB 

dB 

dB 

dB 

dB 

dB 

Frequency Response (D to A) 

0 to 300 Hz 

300 to 3000 Hz 

3000 to 3400 Hz 

3400 to 4600 Hz 

4.6 to 12 kHz 

Relative to 0 dBmO, 820 Hz 

FRR 

-0.1 
-0.1 
-0.1 
Note 2 
32.0 

— 

0.15 

0.8 

dB 

dB 

dB 

dB 

dB 

dB 


Notes: 1. 29(1-Sin 


7t(4000-f) 

1200 


2 . 


29(1 - Sin 


7i:(4000-f) 

1200 
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MB6021 

MB6022 


TRANSMISSION CHARACTERISTICS OF ^-LAW (MB6021) (Continued) 


Parameter 

Conditions 

Symbol 

Value 

Unit 

Min. 

Typ. 

Max. 

Idle Channel Noise (A to A) 

C message 

ICNA 

— 

-80 

EE39 

dBmOc 

Idle Channel Noise (A to D) 

C message 

ICNX 


-83 

BS3 


Idle Channel Noise (0 to A) 

C message 

ICNR 

— 

-83 

-78.0 

dBmOc 

Crosstalk (A to A) 

1020 Hz, OdBmO 

CTA 

— 

— 

-66 

dB 

Crosstalk (D to D) 

1020 Hz, OdBmO 

CTD 

— 

— 


dB 

Absolute Level 

Overload Level 3.17 dMbO 



BB!W 

— 

Vqp 

Analog Input Level 

1020 Hz, OdBmO 

±VS = ±5.0 V, Ta = 25 X 

IIIIIIQIIII^^ 

B 


— 

Vrms 

Analog Output Level 

1020 Hz, OdBmO 

±VS = ±5.0 V, Ta = 25 ‘^C 


1.206 

IQI 

2.248 

Vrms 

Gain Accuracy (A to A) 

1020 Hz, OdBmO 

Internal VREF 

±VS= ±5.0V,Ta = 25X 

GAA 

-0.5 

-0.3 

0 

0 

+0.5 

+0.3 

dB 

dB 

Gain Accuracy (A to D) 

1020 Hz, OdBmO 

Internal VREF 
±VS = ±5.0 V, Ta = 25 °C 
Variation with power supply 
Variation with temperature 

GAX 

-0.25 

-0.15 


+0.25 

+0.15 

dB 

dB 

dB 

dB/®C 

Gain Accuracy (D to A) 

1020 Hz, OdBmO 

Internal VREF 
±VS = ±5.0 V, Ta = 25 ^C 
Variation with power supply 
Variation with temperature 

GAR 

-0.25 

-0.15 

PI 

+0.25 

+0.15 

dB 

dB 

dB 

dB/°C 

Propagation Delay (A to A) 

FC > 1544 kHz 

PDA 

— 

— 

540 

MS 
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MB6021 

MB6022 


TRANSMISSION CHARACTERISTICS OF \i-LA\N (MB6021) (Continued) 


Parameter 

Conditions 

Symbol 

Value 

Unit 

Min. 

lyp. 

Max. 

Delay to Distortion (A to A) 

500 to 600 Hz 

600 to 1000 Hz 

1000 to 2600 Hz 

2600 to 2800 Hz 

1020 Hz, OdBmO 

Relative to minimum delay 

DDA 

— 

— 

1.5 

0.75 

0.25 

1.5 

ms 

ms 

ms 

ms 

PSRR(+VS) (A to A) 

0<f<50 kHz 

Idle Channel Noise 
(C Message) 

+VS +50 m Vqp 

AIN = AG 

PSRRA+ 

25 

30 

— 

dB 

PSRR(-VS) (A to A) 

0<f<50 kHz 

Idle Channel Noise 
(C Message) 

-VS +50 m Vop 

AiN = AG 

PSRRA- 

35 

40 

— 

dB 

Intermoduration (A to A) 

AIN 

a. 0.47 kHz, - lOdBmO 

b. 0.32 kHz,-10dBm0 
AOUT(a-b) 

IMA1 

— 

— 

-38 

dB 

Intermoduration (A to A) 

AIN 

a. 1.02 kHz, -9 dBmO 

b. 0.05 kHz, -23 dBmO 

AOUT (2a-b) 

IMA2 

— 

— 

-52 

dBmO 

Signal Frequency Noise 
(A to A) 

0 to 4 kHz 

4 to 200 kHz 

AIN = AG 

SFNA 

— 

— 

-70 

-50 

dBmO 

dBmO 

Discrimination (A to A) 

AIN = OdBmO 

4.6 to 200 kHz 

DISA 

30 

— 


dB 

In Band Spurious (A to A) 

2nd, 3rd Harmonic 

AIN= OdBmO, 700-1100 Hz 

IBSA 

43 


— 

dB 
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MB6021 

MB6022 


TRANSMISSION CHARACTERISTICS OF A-LAW (MB6022) 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Conditions 

Symbol 

Value 

Unit 

Min. 

Typ. 

Max. 

Signal to Distortion (A to A) 

CCITTG.712 

Method 2 

1020 Hz tone 

P Message 

+3 to -30 dBmO 
-40 dBmO 
-45 dBmO 

SDA 

35.0 

30.0 

25.0 



dB 

dB 

dB 

CCITTG.712 

Method 1 

-3 dBmO 
-6 to-27 dBmO 
-34 dBmO 
-40 dBmO 
-55 dBmO 

28.0 

35.5 

33.5 

28.5 

13.5 



dB 

dB 

dB 

dB 

dB 

Signal to Distortion (A to D) 

CCITTG.712 

Method 2 

1020 Hz tone 

P Message 

+3 to —30 dBmO 
-40 dBmO 
-45 dBmO 

SDX 

36.0 

31.0 

26.0 



dB 

dB 

dB 

CCITTG.712 

Method 1 

-3 dBmO 
-6 to-27 dBmO 
-34 dBmO 
-40 dBmO 
-55 dBmO 

30.0 

36.0 

34.0 

29.5 

14.5 



■ 

Signal to Distortion (D to A) 

CCITTG.712 

Method 2 

1020 Hz tone 

P Message 

+3 to -30 dBmO 
-40 dBmO 
-45 dBmO 

SDR 

36.0 

31.0 

26.0 



dB 

dB 

dB 

CGITTG.712 

Method 1 

-3 dBmO 
-6 to -27 dBmO 
-34 dBmO 
-40 dBmO 
-55 dBmO 

30.0 

36.0 

34.0 

29.5 

14.5 



dB 

dB 

dB 

dB 

dB 
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MB6021 

MB6022 


TRANSMISSION CHARACTERISTICS OF A-LAW (MB6022) (Continued) 


Parameter 

Conditions 

Symbol 

Value 

Unit 

Min. 

Typ. 


Gain Tracking (A to A) 

CCiTTG,712 

Method 2 

1020 Hz tone 

+3 to -30 dBmO 
-40 to -50 dBmO 
-50 to -55 dBmO 

GTA 

-0.4 

-0.8 

-2.0 

B 

0.4 

0.8 

2.0 

dB 

dB 

dB 

CCiTTG.712 

Method 1 

-10 to-50 dBmO 
-55 to-60 dBmO 


— 

0.5 

1.0 

dB 

dB 

Gain Tracking (A to D) 

CCiTTG.712 

Method 2 

1020 Hz tone 

+3 to -30 dBmO 
-40 to -50 dBmO 
-50 to-55 dBmO 

GTX 

-0.2 

-0.4 

-0.8 

B 

0.2 

0.4 

0.8 

dB 

dB 

dB 

CCITTG.712 

Method 1 

-10 to-50 dBmO 
—50 to —55 dBmO 
-55 to -60 dBmO 

-0.25 

-0.4 

-0.8 

B 

0.25 

0.4 

0.8 

dB 

dB 

dB 

Gain Tracking (D to A) 

CCITTG.712 

Method 2 

1020 Hz tone 

+3 to -40 dBmO 
-40 to -50 dBmO 
-50 to -55 dBmO 

GTR 

-0.2 

-0.4 

-0.8 

B 

0.2 

0.4 

0.8 

dB 

dB 

dB 

CCITTG.712 

Method 1 

-10 to-50 dBmO 
—50 to -55 dBmO 
—55 to —60 dBmO 

-0.25 

-0.4 

-0.8 

B 

0.25 

0.4 

0.8 

dB 

dB 

dB 

Frequency Response (A to A) 

0 to 60 Hz 

60 to 300 Hz 

300 to 3000 Hz 

3000 to 3400 Hz 

3400 to 4600 Hz 

4.6 to 12 kHz 

Relative to OdBmO, 820 Hz 

FRA 

24.0 
-0.2 
-0.2 
-0.2 
Note 1 
64.0 

1 

1 

dB 

dB 

dB 

dB 

dB 

dB 

Frequency Response (A to D) 

0 to 60 Hz 

60 to 300 Hz 

300 to 3000 Hz 

3000 to 3400 Hz 

3400 to 4600 Hz 

4.6 to 12 kHz 

Relative to OdBmO, 820 Hz 

FRX 

24.0 
-0.1 
-0.1 
-0.1 
Note 2 
32.0 

1 

0.15 

0.8 

dB 

dB 

dB 

dB 

dB 

dB 

Frequency Response (D to A) 

0 to 300 Hz 

300 to 3000 Hz 

3000 to 3400 Hz 

3400 to 4600 Hz 

4.6to12kHz 

Relative to OdBmO, 820 Hz 

FRR 

-0.1 
-0.1 
-0.1 
Note 2 
32.0 

1 

0.15 

0.8 

dB 

dB 

dB 

dB 

dB 


Notes; 1. 29 (1 -Sin -2i222_!L j 

1200 


2 . ,4,5(i-sin-2!1222:^, 

1200 
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MB6021 

MB6022 


TRANSMISSION CHARACTERISTICS OF A-LAW (MB6022) (Continued) 


Parameter 

Conditions 

Symbol 

Value 

Unit 

Min. 

tVp- 

Max. 

Idle Channel Noise (A to A) 

P Message 

ICNA 

— 

-SO 

-72.0 

dBmOp 

Idle Channel Noise (A to D) 

P Message 

iCNX 

— 


-74.0 

dBmOp 

Idle Channel Noise (D to A) 

P Message 

iCNR 

— 

-S3 

-78.0 

dBmOp 

Crosstalk (A to A) 

1020 Hz.OdBmO 

CTA 

— 

— 

-66 

dB 

Crosstalk (D to D) 

1020 Hz, OdBmO 

CTD 

— 

— 

-66 

dB 

Absolute Level 

Overload Level 3.14 dBmO 

VABS 

— 

2.500 


VoP 

Anabg Input Level 

1020 Hz, OdBmO 

Internal VREF 
±VS« ±5.0 V,Ta25®C 

AIL 

B 

1.231 

B 

Vfms 

Analog Output Level 

1020 Hz, OdBmO 

Internal VREF 
±VS« ±5.0 V,Ta25®C 

AOL 

1.210 

1.231 

1.252 


Gain Accuracy (A to A) 

1020 Hz, OdBmO 

Internal VREF 
±VS« ±5.0 V,Ta25^C 

GAA 

-0.5 

-0.3 

B 

+0.5 

+0.3 

dB 

dB 

Gain Accuracy (A to D) 

1020 Hz, OdBmO 

Internal VREF 
±VS» ±5.0 V,Ta 25*^0 

Variation with Power Supply 

Variation with Temperature 

GAX 

-0.25 

-0.15 

0 

0 

±0.02 

±0.001 

+0.25 

+0.15 

dB 

dB 

dB 

dB/X 

Gain Accuracy (D to A) 

1020 Hz, OdBmO 

Internal VREF 
±VS« ±5.0 V,Ta25^C 

Variation with Power Supply 

Variation with Temperature 

GAR 

-0.25 

-0.15 

0 

0 

±0.02 

±0.001 

+0.25 

+0.15 

dB 

dB 

dB 

dB/®C 

Propagation Delay (A to A) 

FCS 1544 kHz 

PDA 

— 

— 

540 

ps 
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MB6021 

MB6022 


TRANSMISSION CHARACTERISTICS OF A-LAW (MB6022) (Continued) 


Parameter 

Conditions 

Symbol 

Value 

Unit 

Min. 

lyp. 

Max. 

Delay to Distortion (A to A) 

500 to 600 Hz 

600 to 1000 Hz 

1000 to 2600 Hz 

2600 to 2800 Hz 

1020 Hz, OdBmO 

Relative to Minimum Delay 

DDA 

1 

1 

1.5 

0.75 

0.25 

1.5 

ms 

ms 

ms 

ms 

PSRR (+VS) (A to A) 

0<f<50 kHz 

Idle Channel Noise 
(P Message) 

+VS +50 m Vop 

AIN - AG 

PSRRA+ 

25 

30 

■ 

dB 

PSRR(-VS) (A to A) 

0<f<50 kHz 
idle Channel Noise 
(P Message) 

+VS +50 m Vop 

AIN - AG 

PSRRA- 

35 

40 

■ 

B 

Intermoduration (A to A) 

AIN 

a. 0.47kHz.-1 OdBmO 

b. 0.32 kHz, -10 dBmO 

AOUT (2a-b) 

IMAI 

■ 

■ 

-38 

B 

Intermoduration (A to A) 

AIN 

a. 1.02 kHz, -9 dBmO 

b. 0.05 kHz, -23 dBmO 

AOUT (a-b) 

IMA2 

■ 

■ 

-52 

dBmO 

Single Frequency Noise 
(A to A) 

0 to 4 kHz 

4 kHz to 200 kHz 

AIN « AG 

SFNA 

■ 

■ 

-70 

-50 

dBmO 

dBmO 

Discrimination (A to A) 

AIN » dBmO 

4.6 kHz to 200 kHz 

DISA 

30 

-* 

— 

dB 

In Band Spurious (A to A) 

2nd, 3rd Harmonic 

AIN = dBmO, 700 to 1100 kHz 

IBSA 

43 

— 

— 

dB 
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MB6021 

MB6022 


PACKAGE DIMENSIONS 


16-LEAD CERAMIC DUAL IN-LINE PACKAGE 
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Oualitv and Reliability 


Telecommunications Data Book 
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Quality Control at Fujitsu 


Built-in Quality and Reliability 

Fujitsu’s integrated circuits work. The reason they work Is 
Fujitsu’s single-minded approach to built-in quality and reliability, 
and its dedication to providing components and systems that 
meet exacting requirements allowing no room for failure. 

Fujitsu’s philosophy is to build quality and reliability into every 
step of the manufacturing process. Each design and process is 
scrutinized by individuals and teams of professionals dedicated 
to perfection. 

The quest for perfection does not end when the product leaves 
the Fujitsu factory. It extends to the customer’s factory as well, 
where integrated circuits are subsystems of the customer’s final 
product. Fujitsu emphasizes meticulous interaction between the 
individuals who design, manufacture, evaluate, sell, and use Its 
products. 

Quality control for alt Fujitsu products is an Integrated process 
that crosses all lines of the manufacturing cycle. The quality 
control process begins with inspection of all incoming raw 
materials and ends with shipping and reliability tests following 
final test of the finished product. Prior to warehousing, Fujitsu 
products have been subjected to the scrutiny of man, machine, 
and technology, and are ready to serve the customer in the 
designated application. 



Quality and Reliability 


Telecommunications Data Book 


Quality Control Processes at Fujitsu 


Process 


Check Items 

Inspection of Wafers, 
Masks, 


Inspection of Incoming Material 
Wafer Processing 


ks, Packages, Piece 
Parts, Chemicals, Etc 
Wafer Surface Inspection and 
Sample Tests of Thickness, 

Surface Resistance. Diffusion 
Depth, Electrical Parameters, and Doping 

Wafer Surface and Pattern Inspection 
Wafer Surface Inspection, 

Monitor Test of Film Thickness 

Wafer Surface Inspection, 
Monitor Test of Film Thickness 

Test of Electrical Characteristics, Stress Test 


Diffusion/Ion Implantation 
Photoetching 


Metallization 


Passivation (Insulating Layer Formation) 
Probing Test 

Wafer Shipping Inspection 
Dicing (CHIP Separation) 



Wafer Surface and Pattern 
Sampling Inspection 


Visual and Surface Inspection 
Sample Surface Inspection 


CHIP Selection 

CHIP Shipping Inspection 

Assembly 
Die Bonding 

Wire Bonding 


Bond-Wetting and Surface Inspection, Monitor Test of F 

for Machine Calibration 

Bond-Position and Surface Inspection, Sample Wire Bond Strength Test, 
Monitor Test of Sample run for Machine Calibration 

Internal Visual Inspection 


Internal Sampling Visual Inspection 


Pre-Cap Visual 
Inspection 


Internal Merchant 
Inspection 


Continued on next page 
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Quality Control Processes at Fujitsu (Continued) 


Sealing or Molding 


Fine and Gross Leak Tests 


Aging (After Encapsulation) 

Leak Test (Hermetic Package Only) 

Lead Plating 


External Sampling Visual Inspection > 
External Sampling Visual Inspection 


External Sampling Visual Inspection 


Lead Trim and Cutting 
V Marking 
vyv Marking 


External Visual Inspection 


External Visual Inspection 
^ External Mechanical Inspection 


Bum-in (Optional) 


External Sampling Visual Inspection 


Test of AC/DC Characteristics and Functions 

Hermeticity (Fine and Gross Leak Tests), External and Marking Inspections 
Electrical Characteristics Tests, All Sampling Tests I 


tT 


Shipping Tests 
Reliability Tests 


Endurance and Environmental Tests 


cT 


Lot Tests/Periodic Tests 
Warehousing 


O Production Process 

□ Test/Inspection 

1/^ Production Process 
and Test/Inspection 

O QC Gate (Sampling; 


QC Gate (Sampling) 


Note: 

The flow sequence may vary slightly 
with individual product type. 
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Ordering Information 


Teiecommunications Data Book 
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1C Packages 

This section on Fujitsu packages is arranged as follows: 

1. Package technology: Inserted or surface mount types. 

2. Package types within the technology. 

3. Package type illustration and description with (a) package wldth(s) and (b) lead pitch 
(when applicable). 

4. Package material. 

5. Package ordering code. This code appears as a suffix to the product part number. See Part Num¬ 
ber System in this section. 

For the most up-to-date device and packaging information, including available packages and exact order¬ 
ing code, please contact your nearest Fujitsu Sales Office, Sales Representative, or Distributor. (See the 
Sales Information section of this book.) 

Inserted Packages 


Packaqe Type 

Description 

Package 

Material 

Fujitsu Ordering Code 
(Suffix) 

DIP 


Dual In-line Package 

Package widths: 

300,400,600,900 mil 

Lead pitch: 100 mil 

Plastic 

PorM’ 

CerDIP 

Z 

Ceramic with frit seal 

T 

Ceramic with metal seal 

C 

SHDIP 


Shrink Dual In-line 

Package 

Lead pitch: 70 mil 

Plastic 

PSH 

CerDIP 

ZSH 

Ceramic with frit seal 

TSH 

Ceramic with metal seal 

CSH 

SKDiP 


Skinny Dual In-line Package 
Package width: 300 mil 

Lead pitch: 100 mil 

Plastic 

PSK 

CerDIP 

ZSK 

Ceramic with frit seal 

TSK 

Ceramic with metal seal 

CSK 

SL 

DIP 


Slim Dual In-line Package 
Package width: 400 mil 

Lead pitch: 100 mil 

Plastic 

PSL 

CerDIP 

ZSL 

Ceramic with frit seal 

TSL 

Ceramic with metal seal 

CSL 

PGA 


Pin Grid Array Package 

Lead pitch: 50/100 mil 

Plastic 

PR 

Ceramic with metal seal 

CR 



SIM 


Single In-line Packag 
(For modules only.) 

Plastic 

PS 



SIP 

0 ^ 

Single in-line Package 

Lead pitch: 100 mil 

Plastic 

PL 




Continued on next page 


10-3 















Ordering Information 


Telecommunications Data Book 


10 


Inserted Packages (Continued) 


Package Type 

Description 

Package 

Materiai 

Fujitsu Ordering Code 
(Suffix) 

ZIP 


Zig-zag in-iine Package 
Package width; 100 mii 

Lead pitch :50 mii 

100 mii (moduies) 

Plastic 

PSZ 




Surface Mount Packages 


Package Type 

Description 

Package 

Materiai 

Fujitsu Ordering Code 
(Suffix) 

FPT 


Flat (Disk Button type) 
Package 

Ceramic 

CF 





Leadiess Chip Carrier 

Lead pitch: 40,50 mii 

Ceramic with Frit seal 

TV 

Ceramic with metal seal 

CV 



1 


(Plastic) Leaded Chip Carrier 
Lead pitch: 50 mil 

Plastic 

PDorPV 





Quad Flat Package 

Lead pitch: 0.65,0.80, 

1.00 mm; 0.50 mm for 

straight leads 

Plastic 

PFQ 

Ceramic 

CFQ 



SQFP 


Shrink Quad Fiat Package 

Lead pitch: 0.50 mm 

Plastic 




TQFP 

o 

Thin Quad Rat Package 
(Thin profile) 

Lead pitch: 0.50 mm 

Plastic 

PFT 



SOJ 


Small Outline Package 
with J-leads 

Lead pitch: 50 mil 

Plastic 

PJ 

Ceramic 

CJ 




Continued on next page 
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Surface Mount Packages (Continued) 


Package Type 

Description 

Package 

Material 

Fujitsu Ordering Code 
(Suffix) 

FPT 


Flat (Disk Button type) 
Package 

Ceramic 

CF 



SOP 


Smaii Outline Package 

Lead pitch: 50 mil 

Plastic 

PF 

Ceramic 

CF 

Cerpack with gullwing leads 

ZFL 

Ceramic with metal seal 
and guilwing leads 

CFL 

SSOP 

WtM 

Shrink Small Outline 

Package Lead Pitch; 

0.65,0.80,1.00 mm 

Plastic 

PFV 



TSOP 

<s> 

Thin Small Outline Package 
(Thin profile) 

Lead pitch: 0.50, 

0.55,0.60 mm 

Plastic with normal leads 

PFN 

Plastic with reverse 
bend leads 

PFR 



0-5 
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Part Number System 
Standard Products Part Number 

Found on most Standard Products: Memory, Analog, Logic, Telecommunications, Microprocessor, 
and Special Controller Products_ 


MB NNNNN A NN 


— I 


A 

L 


NNN 


I— Package Suffix 
Low Power Designator (When applicable) 
Speed Designator (When applicable) 

Die Revision (When applicable) 

Device Type 
'— Fujitsu Designator 


Part Number 


8-Pin SMT Piezoelectric SAW Filter 


F5 


CB 


NNNMNN -GNNN 




N 

n- 


• Tape and Reel 
Serial Number 
Frequency Designator 
•— Ceramic Package 

Fujitsu Designator 


} T= 1000/Reel 
R = 3000/Reel 


Examples: 


Memory Product, 

MB81C1001A-60 PFTN 

Analog Product, MB3731 PS 

MB 

Fujitsu 

MB 

Fujitsu 

81C1001 

DRAM Device 

3731 

Audio Power Amplifier 

A 

Die Revision 

PS 

Plastic SIP (Package) 

60 

Access Speed (60 ns) 



L 

Low Power Feature 

Controller Product. MB8876AC 

PFTN 

Plastic SOP (Package) 

MB 

Fujitsu 


with normal leads 

8876 

Floppy Disk Controller 



A 

Die Revision 

Telecommunications Product, MB87086AP 

C 

Ceramic DIP (Package) 

MB 

Fujitsu 


with metal seal 

87086 

PLL Device 



A 

Die Revision 



P 

Plastic DIP (Package) 
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Introduction to Fujitsu 


i 


Fujitsu Limited (Japan) 

Fujitsu Limited was founded as a telecommunications equipment 
manufacturer in 1935, and today Is not only one of Japan’s leading 
telecommunications companies, but also one of the world’s largest 
computer manufacturers. 

This leadership has resulted, at least in part, from the superb quality of the 
company’s semiconductors and electronic components. Manufactured by 
the company’s Electronics Devices Operations Group, these vital 
electronic devices also contribute to the high reliability and performance of 
products made by many other manufacturers around the world. 

Today, Fujitsu Is one of the world’s top manufacturers of semiconductors 
and electronic components. In Japan, Fujitsu’s R&D laboratories for 
semiconductor and electronic components are situated in Kawasaki and 
Mie, and manufacturing works are located in Iwate, Aizu, Wakamatsu and 
Suzaka. Fujitsu also has six affiliated manufacturing works In the country. 
Overseas facilities in the U.S, Europe, and Asia also help to meet the 
growing global demand for Fujitsu semiconductors and electronic 
components. 

Fujitsu enforces strict quality control at all stages of production, from 
materials selection through manufacturing to final testing. As a result, 
Fujitsu’s electronic devices are known for their extremely high reliability 
and excellent cost-to-performance ratio. 

Fujitsu manufactures a full line of semiconductors and electronic compo¬ 
nents to meet the diverse applications of a wide variety of customers. 
Backed by Fujitsu’s extensive R&D commitment equal to over 10 percent 
of annual sales, Fujitsu’s electronic devices stay on the cutting edge of 
electronics technology. 
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Fujitsu Microelectronics, Inc. (U.S.A.) 

Fujitsu Microelectronics. Inc. (FMI), with headquarters in San Jose, 
California, was established in 1979 as a wholly-owned Fujitsu Linrilted 
subsidiary for the marketing, sales, and distribution of Fujitsu integrated 
circuit and component products. Since 1979, FMI has grown to four 
marketing divisions and two manufacturing divisions. FMI offers a 
complete array of components including semiconductor products for its 
customers throughout North and South America. 

The Advanced Products Division (APD) is responsible for designing and 
selling a full line of SPARC processors, peripheral chips, and the 
EtherStar™ LAN controller that it designed. The EtherStar LAN controller Is 
the first VLSI device to Integrate both StarLAN^^ and Ethernet® protocols 
into one device. The core of APD’s EtherStar chip was the result of a 
cooperative venture with Ungermann-Bass. 

The Microwave and Optoelectronics Division (MOD) markets GaAs FETs 
and FET power amplifiers, lightwave and microwave devices, optical 
devices, emitters, and SI transistors. 

The Electronic Components Division (ECD) markets connectors, key¬ 
boards, thermal printers, plasma displays, and relays. 

The largest FMI marketing division is the Integrated Circuits Division (ICD) 
which markets the following standard devices, components, and ASICs. 

Memory Products BiCMOS SRAMs 

Bipolar PROMs 
CMOS Masked ROMs 
CMOS SRAMs 
DRAMS 
ECL RAMS 
EEPROMs 
EPROMs 
NOVRAMs 

STRAMs (self-timed RAMs) 

Memory Module Products DRAM modules 

Memory Card Products Memory Cards: 

EPROM, Flash. OTPROM, and SRAM 
Controller 
Design kits 

Programming adaptors 

Telecommunication Products CODECs 

Modems 

Piezoelectric devices 
PLLs 

Prescalers 
Telephone ICs 
VCOs 
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Microprocessor Products 

4-bit microcontrollers 

DSPs 

Logic Products 

Interface devices 

Translator circuits 

Ultra high-speed ECL 

Analog Products 

Audio ICs 

Comparators 

Converters, A/D and D/A 
Darlington transistor arrays 
Disk drive ICs 

Linear devices 

MOSFET arrays 

Motor drivers 

Operational amps 

Power supply control ICs 
RETS 

VCOs 

Hybrid Products 

Custom modules 

Multi-chip modules 

Thick- and Thin-film 

T2 


SCSI controllers 
Data communication controllers: 

ECC, Ethernet, Floppy disk, Multiprotocol, and DMA 
Video controllers: 

CRT, PIP, and TV display 

ASIC Products CMOS gate arrays (channeled and channelless) 

ECL gate arrays 
BiCMOS gate arrays 
GaAs gate arrays 
CMOS standard cells 

ASIC Gallery™ (SuperMacros™, Compiled Cells) 

CAD Reference Environment that integrates with 
third-party CAD tools 


Special Purpose Controller 
Products 
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Design and customer support for ASIC products are available throughout 
the country and at FMI Sales Offices located in Atlanta, Boston, Chicago, 
Dallas, Denver, Irvine, Minneapolis, Portland, and San Jose, 

FMI’s manufacturing divisions are in San Diego, California and Gresham, 
Oregon. The San Diego Manufacturing Division (SMD) assembles and 
tests memory devices. The Gresham Manufacturing Division (GMD) began 
manufacturing in 1988. GMD fabricates wafers, and produces ASIC 
products and DRAM memories. 
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Fujitsu Electronic Devices Europe: 

Fujitsu Mikroelektronik GmbH (FMG), West Germany 
Fujitsu Microelectronics Limited (FML), U.K. 

Fujitsu Microelectronics Italia S,R,L (FMIL), Italy 
Fujitsu Microelectronics Ireland, Ltd. (FME), Ireland 

Fujitsu Mikroelektronik GmbH (FMG) was established in June 1980 in 
Frankfurt, West Germany, as Fujitsu’s European headquarters and is a 
totally owned subsidiary of Fujitsu Limited, Tokyo. Fujitsu Microelectronics 
Limited (FML) is a sister company based In Maidenhead, England and 
dedicated to serving the U.K., Ireland, and Scandanavla. Fujitsu Microelec¬ 
tronics Italia (FMIL) is based in Milan, Italy and serves Italy, Spain, 

Portugal, and the rest of Southern Europe. Together, FMG, FML, and 
FMIL supply the European market with a full range of semiconductors and 
electronic components. Sales offices are located In Munich, Frankfurt, 
Stuttgart, Paris, Eindhoven, Milan, Maidenhead, and Stockholm. 

Fujitsu Microelectronics Ireland, Ltd. (FME) was established in 1980, In 
Dublin, Ireland, as Fujitsu’s European Assembly Center for integrated 
circuits. FME produces DRAMs, EPROMs, and other LSI memory 
products. 

Fujitsu has two European VLSI design centers, both in the U.K. The 
Manchester Design Center, In operation since 1983, Is equipped with two 
mainframe computers and Is linked by satellite to production plants in 
Japan and the U.S. Staffed with a team of experienced engineers, the 
center is involved in the design of VLSI standard products, SuperMacros, 
CAD tools and ASICs. A second design center was set up in London in 
1990 for designing telecommunication ICs. Additionally, Fujitsu offers a 
network of 17 ASIC design centers in eight European countries. 

Fujitsu has further demonstrated Its commitment to the European market 
by commencing construction of a full wafer fabrication plant in Durham in 
the North of England. The new plant is due to start production of 4 
megabyte DRAMs and ASICs In 1991. 
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The range of semiconductor products offered by FMG, FML, and FMIL for 
the European market includes: 

Memory Products DRAMs 

SRAMs 
EPROMs 
EEPROMs 
Mask ROMs 
Bipolar PROMs 
Video RAMS 
ECL RAMS 
Memory modules 
Memory cards 

ASIC Products CMOS gate arrays 

BiCMOS gate arrays 
Bipolar (ECL) gate arrays 
Gallium Arsenide gate arrays 
CMOS standard cells 
ECL gate masterslice devices 
Wide range of ASIC design software 

Microprocessor Products 4-Bit Microcontrollers 

4- 8- and 16-blt F^MC flexible Microcontrollers 

32-Blt SPARC™ RISC microprocessors 

32-Bit Gmicro™ TRON-based CISC microprocessors 

Telecommunication Products Prescaiers 

PLLs 
CODECs 
LAN devices 
DSPs 

SCSI and LAN devices 
ISDN products 

Telecom devices for the GSM 

Pan-European digital cellular telephone system. 

Analog Products OP Amps 

Comparators 

A/D and D/A Converters 

Application Specific ICs 

The range of electronic components offered by FMG, FML, and FMIL 
incudes relays, connectors, keyboards, thermal printers, plasma displays, 
liquid crystal displays, hybrid ICs, and piezoelectric devices. 
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Fujitsu Microelectronics Asia PTE Ltd. (Singapore) 

Fujitsu Microelectronics Asia PTE Ltd. (FMAP) opened in August 1986, in 
Hong Kong, as a wholly-owned Fujitsu subsidiary for sales of electronic 
devices to the Asian, Australian, and Southwest Pacific markets. In 1990, 
FMAP moved to a new location In Singapore. 

FMAP offers memory, ASIC, microprocessor, and telecommunication 
products along with Fujitsu’s wide range of electronic components. 


SPARC™ is a trademark of Sparc International. 

Ethernet'^ is a registered trademark of Xerox Corporation. 
EtherStar™ is a trademark of Fujitsu Microelectronics, irtc. 
StarLAN™ is a trademark of AT&T. 

GMcno™ is a trademark of Hitachi 
SuperMacro™ is a trademark of Fujitsu Microelectronics, Inc. 
ASICOpen™ is a trademark of Fujitsu Microelectronics, Inc. 
ViewCAD™ is a trademark of Fujrtsu Microeiectronics, Inc. 
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Integrated Circuits Corporate Headquarters — Woridwide 


International Corporate Headquarters 

FUJITSU LIMITED 
Marunouchi Headquarters 
6-1, Marunouchi 1-chome 
Chiyoda-ku, Tokyo 100 
Japan 

Tel: (03) 3216-3211 
Telex: 781-22833 
FAX: (03) 3213-7174 

For integrated circuits marketing information please contact the 
following; 

Headquarters for Japan 

FUJITSU LIMITED 

Integrated Circuits and Semiconductor Marketing 
Furukawa Sogo Bldg. 

6-1, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100 
Japan 

Tel: (03) 3216-3211 
Telex: 781-2224361 
FAX: (03) 3211-3987 

Headquarters for North and South America 

FUJITSU MICROELECTRONICS, INC. 

Integrated Circuits Division 
3545 North First Street 
San Jose, CA 95134-1804 
USA 

Tel: (408) 922-9000 
Telex: 910-338-0190 
FAX: (408)432-9044 

Headquarters for Europe 

FUJITSU MIKROELEKTRONIK GmbH 

Am Siebenstein 6-10 

6072 Dreieich-Buchschlag 

Germany 

Tel: (06) 103 6900 

Telex: 411963 

FAX: (06)103 690122 

Headquarters for Asia, Australia and Oceania 

FUJITSU MICROELECTRONICS ASIA PTE LIMITED 

06-04/-07 Plaza By The Park 
No. 51 Bras Basah Road 
Singapore 0718 
Tel: (65) 336-1600 
Teiex: RS 55573 FESPL 
FAX: (65) 336-1609 
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Fujitsu Microelectronics, Inc. (FMI) Sales Offices — North and 
South America 


NORTHERN CALIFORNIA 

Fujitsu Microelectronics, Inc. 
10600 N. De Anza Blvd. 

Suite 225 

Cupertino, CA95014 
Tel: (408) 996-1600 
FAX: (408)725-8746 

SOUTHERN CALIFORNIA 

Fujitsu Microelectronics, Inc. 

Century Centre 

2603 Main Street 

Suite 510 

Irvine, CA 92714 

Tel: (714) 724-8777 

FAX: (714) 724-8778 

COLORADO (Denver) 

Fujitsu Microelectronics, Inc. 
5445 DTC Parkway 
Suite 300 

Englewood, CO 80111 
Tel: (303) 740-8880 
FAX: (303) 740-8988 

GEORGIA (Atlanta) 

Fujitsu Microelectronics, Inc. 
3500 Parkway Lane 
Suite 210 

Norcross, GA 30092 
Tel: (404) 449-8539 
FAX: (404)441-2016 


ILLINOIS (Chicago) 

Fujitsu Microelectronics, Inc. 

One Pierce Place 
Suite 1130 West 
Itasca. IL 60143-2681 
Tel: (708) 250-8580 
FAX: (708)250-8591 

MASSACHUSETTS (Boston) 

Fujitsu Microelectronics, Inc. 

Bay Colony Corp. Center 
Suite 2500 
1000 Winter Street 
Waltham. MA 02154 
Tel: (617) 487-0029 
FAX: (617)890-9002 

MINNESOTA (Minneapolis) 

Fujitsu Microelectronics, Inc. 

3460 Washington Drive 
Suite 209 

Eagan. MN 55122-1303 
Tel: (612) 454-0323 
FAX: (612)454-0601 


NEW YORK (Hauppauge) 

Fujitsu Microelectronics. Inc. 

601 Veterans Memorial Highway 
Suite P 

Hauppauge. NY 11788-1054 
Tel: (516) 361-6565 
FAX: (516)361-6480 

OREGON (Portland) 

Fujitsu Microelectronics, Inc. 
15220 NW Greenbrier Pkwy 
Suite 360 

Beaverton, OR 97006 
Tel: (503) 690-1909 
FAX: (503)690-8074 

TEXAS (Dallas) 

Fujitsu Microelectronics, Inc. 
14785 Preston Road 
Suite 274 
Dallas. TX 75240 
Tel: (214) 233-9394 
FAX: (214)386-7917 
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For product information, contact your nearest Fujitsu representative. 


Alabama 

CSR Electronics 
Huntsville, AL 
Tel: (205) 533-2444 
FAX: (205) 536-4031 


District of Columbia 
Arbotek Associates 
Towson, MD 
Tel: (301)825-0775 
FAX: (301) 337-2781 


Iowa 

Electromec Sales 
Cedar Rapids, lA 
Tel: (319)393-1637 
FAX: (319) 393-1752 


Arizona 

Aztech Component Sales Inc. 
Scottsdale, A2 
Tel: (602) 991-6300 
FAX:(602) 991-0563 

Arkansas 

Technical Marketing, Inc. 
Carrollton, TX 
Tel: (214) 387-^01 
FAX:(214) 387-3605 

California 

Northern California 
Norcomp 
Santa Clara, CA 
Tel: (408)727-7707 
FAX: (408) 986-1947 

Norcomp 
Roseville, CA 
Tel: (916) 782-8070 
FAX: (916) 782-8073 

Southern California 
Infinity Sales, Inc. 

Newport Beach, CA 
Tel: (714) 833-0300 
FAX: (714) 833-0303 

San Diego County 
Harvey King, Inc. 

San Diego, CA 
Tel: (619)587-9300 
FAX: (619) 587-0507 

Colorado 

Talisman Assoc. 

Englewood, CO 
Tel: (303) 773-2533 
FAX: (303)741-6312 

Connecticut 

Conntech Sales, Inc. 
Cheshire, CT 
Tel: (203)272-1277 
FAX: (203) 272-2790 

Delaware 

BGR Associates 
Marlton, NJ 
Tel: (609) 983-1020 
FAX: (609) 983-1879 


Florida 

Semtronic Associates, Inc. 
Altamonte Springs, FL 
Tel: (407)831-8233 
FAX: (407) 831-2844 

Semtronic Associates, Inc. 
Clearwater, FL 
Tel: (813)461-4675 
FAX: (813) 442-2234 

Semtronic Associates, Inc. 

Ft. Lauderdale, FL 
Tel: (305) 731-2484 
FAX: (305) 731-1019 

Georgia 

CSR Electronics 
Atlanta, GA 
Tel: (404)396-3720 
FAX: (404) 394-8387 

Idaho 

Northern Idaho 
L-Squared, Ltd. 

Kirkland, WA 
Tel: (206) 827-8555 
FAX: (206) 828-6102 

Southern Idaho 

Intermountain Technical Marketing 
Meridan, ID 
Tel: (208) 888-6071 
FAX: (208) 888-6074 

Illinois 

Northern Illinois 
Beta Technology 
Itasca, IL 

Tel: (708) 259-9586 
FAX: (708)250-9592 

Southern Illinois 
Rothkopf & Assoc. 

St. Louis, MO 
Tel: (314) 961-4485 
FAX: (314) 961-4736 

Indiana 

Fujitsu Microelectronics, Inc. 
Itasca, IL 

Tel: (708) 250-8580 
FAX: (708) 250-8591 


Kansas 

Rothkopf & Assodates, Inc. 
Olathe, KS 
Tel: (913) 829-8897 
FAX: (913) 829-1664 

Kentucky 

Fujitsu Microelectronics, Inc. 
Itasca, IL 

Tel: (708) 250-8580 
FAX: (708) 250-8591 

Louisiana 

Technical Marketing, Inc. 
Carrollton, TX 
Tel: (214) 387-3601 
FAX; (214) 387-3605 

Technical Marketing, Inc. 
Houston, TX 
Tel: (713) 783-4497 
FAX: (713) 783-5307 

Maine 

Mill-Bern Associates 
Woburn, MA 
Tel: (617) 932-3311 
FAX: (617) 932-0511 

Maryland 

Arbotek Assodates 
Towson, MD 
Tel: (301)825-0775 
FAX: (301) 337-2781 

Massachusetts 

Mill-Bern Associates 
Woburn, MA 
Tel: (617)932-3311 
FAX: (617) 932-0511 

Michigan 

R.C. Merchant & Co., Inc. 
Farmington Hills, Ml 
Tel: (313) 476-4600 
FAX: (313) 476-3162 

R.C. Merchant & Co., Inc. 
St. Joseph, Ml 
Tel: (616) 983-7378 
FAX: (616) 983-3506 
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Minnesota 

Electromec Sales 
Burnsville, MN 
Tel: (612)894-S200 
FAX: (612) 894-9352 


New Hampshire 

Mill-Bern Assoc. 
Woburn, MA 
Tel: (617)932-3311 
FAX; (617-932-0511 


North Dakota 

Electromec Sales 
Burnsville, MN 
Tel: (612)894-8200 
FAX: (612)894-9352 


Mississippi 
CSR Electronics 
Huntsville, AL 
Tel: (205) 533-2444 
FAX: (205) 536-4031 

Missouri 

Rothkopf & Associates, Inc. 

St. Louis, MO 
Tel: (314)961-4485 
FAX: (314) 961-4736 

Montana 

Eastern Montana 
Talisman Assoc. 

Englewood, CO 
Tel: (303) 773-2533 
FAX: (303) 741-6312 

Western Montana 

Intermountain Technical Marketing 

Meridan, ID 

Tel: (208) 888-6071 

FAX: (208) 888-6074 

Nebraska 

Eastern Nebraska 
Rothkopf & Assoc. 

Olathe, KS 

Tel: (913) 829-^97 

FAX: (913) 829-1664 

Nebraska (Continued) 

Western Nebraska 
Talisman Assoc. 

Englewood, CO 
Tel: (303) 773-2533 
FAX: (303) 741-6312 

Nevada 

Northern Nevada 
Norcomp 
Roseville, CA 
Tel: (916) 782-8070 
FAX: (916) 782-8073 

Southern Nevada 
Atech Component Sales, Inc. 
Scottsdale, AZ 
Tel: (602) 991-6300 
FAX: (602) 991-0563 


New Jersey 

Northern New Jersey 

Technical Applications & Marketing 

Fairfield, NJ 

Tel: (201)575-4130 

FAX: (201) 575-4563 

Southern New Jersey 
BGR Associates 
Marlton, NJ 
Tel: (609)983-1020 
FAX: (609)983-1879 

New Mexico 

Aztech Component Sales, Inc. 
Scottsdale. AZ 
Tel: (602) 991-6300 
FAX: (602) 991-0563 

New York 

Northern New York 
Quality Components 
Buffalo. NY 
Tel: (716)837-5430 
FAX: (716) 837-0662 

Quality Components 
Manlius. NY 
Tel: (315)682-8885 
FAX: (315)682-2277 

Quality Components 
Rochester, NY 
Tel: (716) 342-7229 
FAX: (716) 342-7227 

Southern New York 
Technical Applications & Mktg. 
Fairfield. NJ 
Tel: (201) 575-4130 
FAX: (201) 575-4563 

North Carolina 

CSR Electronics 
Charlotte, NC 
Tel: (704) 847-5806 
FAX: (704) 847-0056 

CSR Electronics 
Raleigh, NC 
Tel: (919)878-9200 
FAX: (919) 878-9117 


Ohio 

Stegman Blaine Marketing, Inc. 
Cincinnati, OH 
Tel: (513) 729-1969 
FAX: (513) 729-1984 

Stegman Blaine Marketing, Inc. 
Cleveland, OH 
Tel: (216) 572-0003 
FAX; (216) 23845229 

Stegman Blaine Marketing, Inc. 
Vandalla, OH 
Tel: (513)890-7975 
FAX: (513)890-5191 

Oklahoma 

Technical Marketing, Inc. 
Carrollton, TX 
Tel: (214) 387-3601 
FAX: (214) 387-3605 

Oregon 

L-Squared Limited 
Beaverton, OR 
Tel: (503)629-8555 
FAX: (503) 645-6196 

Pennsylvania 

Eastern Pennsylvania 
BGR Associates 
Marlton, NJ 
Tel: (609) 983-1020 
FAX: (609) 983-1879 

Western Pennsylvania 
Stegman Blaine Marketing, Inc. 
Cincinnati, OH 
Tel: (513) 729-1969 
FAX: (513) 729-1984 

Rhode Island 

Mill-Bern Associates 
Woburn, MA 
Tel: (617) 932-3311 
FAX: (617) 932-0511 
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Tel: (408) 922-9310 
FAX; (408) 432-9044 
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Insight Electronics 
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Connecticut 

Marshall Industries 
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(203)265-3822 

Milgray Electronics 
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(203)878-5538 
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Altamonte Springs, FL 
(407) 767-8585 
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Milgray Electronics 
Palatine, IL 
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Reptron Electronics 
Schaumburg, IL 
(312)882-1700 

Indiana 

Marshall Industries 
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(317) 297-0483 
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Marshall Industries 
Lenexa, KS 
(913)492-3121 

Milgray Electronics 
Overland Park, KS 
(913)236-8800 
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Marshall Industries 
Silver Springs, MD 
(301)622-1118 
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(214)783-0800 

Marshall Industries 
Austin, TX 
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Prescalers and PLLs 



Fujitsu Prescaiers and Phase-Locked Loops 
for VHF and UHF Frequency Synthesis 

A Tutorial with Selection Guides 


Fujitsu Microelectronics, Inc. 
Field Applications Engineering 


Abstract 

This Application Note includes a broad introduction to the relevant high frequency synthesis theory and its 
application areas, a description of prescaler and phase-locked loop (PLL) components, and guidelines for 
selecting and designing with Fujitsu's extensive selection of prescaler and PLL IC products. 
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Fujitsu Microelectronics, Inc. 


Prescalers and PLLs 


Introduction 

Phase-locked loops (PLLs) and prescalers are used for synthesizing and controlling frequencies in a multi¬ 
tude of high frequency systems. These systems range from radio and television broadcasting, cellular 
phones, computer local area networks (LANs), and measurement instrumentation to satellite and micro- 
wave systems. 

Dedicated PLL integrated circuits (ICs) are manufactured in CMOS technology and typically operate in 
the 20-30 MHz range (maximum). Prescalers manufactured in bipolar ECL or GaAs technologies are con¬ 
sidered interface ICs that allow the relatively slower PLLs to accurately control and select frequencies well 
into the microwave range (>1 GHz). 

Fujitsu manufactures a broad range of high frequency telecommunication ICs that includes prescalers, 
PLLs, integrated PLLs, as well as microcontrollers with onboard PLL and prescaler circuits. 

PLL Tuning Systems 

Tuning of telecommunication senders and receivers is, by far, the largest application area for today's PLLs 
and prescalers. High frequency PLLs have largely replaced older methods such as direct tuning an RC or 
LC oscillator to the desired local oscillator frequency. 

At the expense of a quantized (instead of a continuous frequency) resolution, PLLs and the so-called digi¬ 
tal tuning circuits into which they are incorporated provide a cheaper, faster, more compact and reliable 
solution to tuning circuitry. The fact that PLLs only allow selection of frequencies in discrete steps, rather 
than over a continuous range, is not a concern because the available frequencies (for airwaves, long dis¬ 
tance telephone cables, satellites, microwave links, ISDN etc.) are heavily regulated and limited to preas¬ 
signed channel frequencies. 

The frequency position and spacing between channels depends on the physical carrier medium and the 
program material involved. For example, U.S. airwaves regulations of the Federal Communications Com¬ 
mission (FCC) specify that: 

AM radio must be broadcast at 530,540,550 to 1610, or 1620 kHz 
FM radio must be broadcast at 87.9,88.1 to 107.7,107.9 MHz 

TV (channels 2-69) must be broadcast at 55.25,61.25,67.25,77.25,83.25 to 795.25,801.25 MHz. 

These frequencies represent the center frequencies of each channel. The spacing of 10 KHz between as¬ 
signed AM channels, 200 kHz between assigned FM channels, and 6 MHz between assigned TV channels 
reflects the progressively higher bandwidths necessary for FM and TV. 

Other regulated frequencies worth mentioning within the VHF (30 - 300 MHz) and UHF (300 MHz - 3 
GHz) bands include: 46/49 MHz for cordless telephones, 800-900 MHz for cellular phones (also known as 
land mobile radio services), 0.1-1.5 GHz for cable TV and >2 GHz for emerging Digital TV standards and 
Integrated Services Digital Network (ISDN). Fujitsu prescalers and PLL ICs are appropriate for most of 
these applications. 

Figure 1 shows a superheterodyne FM broadcast receiver and some of the involved spectra and frequen¬ 
cies. For an example, let us examine the steps involved in tuning to the FM station at 88.1 MHz. 
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The antenna is exposed to a multitude of transmission frequencies. In order to retrieve the desired signal, 
several stages of amplification and progressive selective filtration must be applied. In FM broadcasting 
each radio station is allowed to use up to 150 kHz around the assigned center frequency. Since the spacing 
between the assigned channels is 200 kHz, this leaves a 50-kHz wide isolation gap between the stations to 
avoid a spectral overlap. Thus, a 150-kHz wide filter can be used in the final stage to isolate the desired 
station from all the others. Accurate tuning of such a narrow filter over the 20-MHz wide FM frequency 
range is not an easy task. To achieve accurate tuning, the filter is kept at a constant frequency, the so-called 
Intermediate Frequency (IF), and the desired radio signal is shifted in frequency to fall exactly within the 
filter passband. 10.7 MHz is the broadly used value for IF in commercial FM tuners. 

The antenna signal is converted to a lower frequency by mixing (or heterodyning) with an appropriately 
chosen local oscillator frequency fioc- A PLL is employed for synthesizing yi^c* Iri order to place the de¬ 
sired radio station (originally located at /,„) exactly at the center of the IF bandpass filter, the PLL frequen¬ 
cy floe nr'ust be set so that IF = fioc - fin- In other words, to tune to the 88.1 MHz signal, a fioc of 88.1+10.7 
MHz = 98.8 MHz is necessary. Tuning to another signal is accomplished by selecting a different fioc- 
An appropriate FM demodulator working at the IF provides the final restoration of the original signal. 

On the sender side (see Figure 2) the sequence is reversed: a modulated IF signal is mixed with the local 
frequency oscillator up to the appropriate channel-frequency and broadcast. 
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Figure 2. A Typical Heterodyne (Audio) Sender 

Near-ideal PSK, PM, or FM demodulators can be implemented with PLLs as well as local oscillators. 

What is a PLL? 

A PLL is a control loop consisting of a phase detector (PD), low pass filter (LPF), voltage controlled oscil¬ 
lator (VCO), program counter(s), and, as necessary, single- or dual-modulus prescalers. (See Figure 3.) 



Figure 3. A Basic PLL Configuration 


The output of the PD is a voltage indicating the phase difference between its two inputs. 

The LPF smooths the PD output and determines the dynamic performance of the loop. The dynamic per- 
fonnance includes general servo loop issues, such as the capture and lock ranges, the noise suppression 
band width and the transient response. 

When the loop is out of lock, the PD voltage changes the frequency of the VCO in a direction that reduces 
the phase difference between the input signal and the local oscillator signal. When the loop is locked, the 
signals at both inputs are in phase and have the same frequency. 

Generally speaking, the output of the VCO is considered the desired PLL output. It should be mentioned, 
however, that in some instances (such as when a PLL is used as an FM de-modulator), the filtered output 
of the PD, rather than the output of the VCO, can be viewed as the system output. 

The bandwidth of the low-pass loop filter is crucial to the dynamic- and noise-filtering performance of the 
loop. The two performance requirements are conflicting, since faster lock-up times require wider LP filters 
while better noise characteristics are achieved with narrower filters. Therefore, a reasonable compromise 
has to be met for each application. 

Narrow filter bandwidths provide long-loop averaging times and are useful in applications where a noisy, 
intermittent, or varying reference source must be cleaned up. 

For example, in digital LANs, a PLL is used to regenerate a local clock rate from frame synchronization 
bits, which appear intermittently on most asynchronous communications networks. 

In a similar way, the "flywheel synchronizers" for vertical and horizontal scan in today's TV receivers, are 
operated using PLL circuits. In both cases the "slow" lowpass filter maintains a relatively constant VCO 
frequency between occurrences of synchronization patterns on the input. 
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In frequency s)mthesis applications, the reference frequency source will typically be a high quality, rela¬ 
tively noise-free, crystal oscillator. The loop filter can be extensively wide to provide for fast switching 
times without compromising noise performance. 

A novel approach to PLL design is to electronically bypass the loop filter during the bulk of a frequency 
switching period and then to activate it back into the loop for final lock-in. 

As previously mentioned, the loop filter is the single most important factor in determining the dynamic 
performance of the servo loop. A thorough theoretical treatment of servo loop analysis is beyond the 
scope of this publication. References 1 through 4 listed in the back of this note are recommended for more 
in-depth information. 

Frequency Synthesis With PLLs and Prescaiers 

Figure 4 shows a simple frequency-synthesizing configuration employing a PLL and a single program 
counter. 



Figure 4. Frequency Synthesis with a Programmable Counter 


When the loop is in lock, the two input frequencies of the PD are equal, hence: 

/r«/ = /o/N<=>/o=N./^/ 

A reprogramming of "N" by +1 or -1 will result in selection of a new output frequency with channel sepa¬ 
ration of fref^ 

The scheme of Figure 4, although attractive in its simplicity, is only applicable to output frequencies below 
40 MHz, since higher VCO frequencies will exceed the program counter's toggling rate. 

Figure 5 shows a widely used remedy to the high frequency problem: a 1/M prescaler is inserted in the 
feedback loop as a buffer between the VCO and the program counter. This lowers the program counter's 
input frequency to /o«f/M instead of font- 



Figure 5 also shows a reference frequency liivider, 1/R, inserted in the reference frequency path to allow 
more flexibility in output frequency programming. Without the reference frequency divider, the presence 
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of the prescaler would result in broadening the channel separation to M • fref- A resolution of f^f is main¬ 
tained by setting R equal to M. 

In many cases, the scheme of Figure 5 is a satisfactory solution, with one drawback. Compared to Figure 4, 
the operational frequency of the phase detector is lowered by the prescaling factor M. A lowered PD fre¬ 
quency necessitates use of a narrower low-pass filter to suppress spurious output signals from the phase 
detector at the comparison frequency and its harmonics. Especially in very high frequency synthesizers, 
where the divide ratio of the prescaler becomes substantial, the loop's lock-in and switching speed charac¬ 
teristics will be severely degraded as a result of narrowing the lowpass filter. 

The Pulse Swallow Method 

The widely used "multi-modulus division", also known as pulse swallowing (see Figure 6), offers a solu¬ 
tion to previously mentioned problems. This method employs two programmable counters and a dual 
modulus prescaler inside the loop. (For simplicity the reference frequency divider is not shown.) 



Figure 6. Pulse Swallow 

A description of the pulse swallow method is as follows: 


N must be larger than A (N>A). The dual modulus prescaler is initially set to divide by M+1. After "A" 
pulses out of the prescaler, the swallow counter is full and changes the prescaler modulus to M. After ad¬ 
ditional (N-A) pulses out of the prescaler, the program counter changes the prescaler modulus back to 
M+1, restarts the swallow counter and the cycle repeats. 

In this way each cycle of the 1/N counter is a result of: 

A • (M+2) + (N-A) • M = N • M+A 
cycles of the fpit. 

In other words: 


12 


= (N*M + A)*fref 
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Since M is multiplied by N, but not A, the frequency will change by when A is changed by L In this 
way both the channel separation and the PD frequencies are maintained at fref to provide for an uncom¬ 
promised loop performance. 

As previously mentioned, more complex variations of the multi-modulus theme include: NjN+Z pres¬ 
calers (as in MB508 with 128/130,256/258 and 512/514) and quad-modulus schemes involving multiple 
swallow counters and special prescalers. 

Stand-alone PLLs and Integrated PLLs 

Figure 7 shows a general purpose high frequency synthesizer and the functional blocks. These blocks are: 
the PD, the reference counter, the A and the N counters and modulus control logic. The MB87014, manu¬ 
factured entirely in CMOS, includes an onboard 180 MHz prescaler. 



Figure 7. System Blocks 

Advances in recent years in CMOS and BiCMOS (combined ECL and CMOS on one chip) have allowed 
integration of gigahertz prescalers on the same chip as the PLL. The architecture of these integrated PLL 
BiCMOS devices is illustrated in Figure 8. 



Figure 8. Fujitsu’s integrated PLL iCs 
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Before discussing the blocks on the PLL chip, let us briefly mention the circuits not found on it. As stated 
earlier, the low-pass filter must yield a good compromise between accommodating the desired noise and 
switching characteristics on one side and removing spurious components from the phase detector output 
on the other side. A charge pump output (see Figure 14) from the PLL is provided in most cases, allowing 
direct connection of an external passive RC filter. The charge pump output is simply a very high imped¬ 
ance output (Zout ^ ^Ok Q) well suited to drive high-Q resonant circuits found in the VCO. Optionally, an 
unbuffered PD output is often also made available for connection of custom external active filter configu¬ 
rations. Typical filter bandwidths for frequency synthesis are 1-10 kHz. 

The prescaler and the VCO are the only two devices actually operating at the high output frequency 

The VCO is frequently custom made for a specific application. Some popular oscillator types, in order of 
decreasing phase and frequency-stability, but increasing frequency coverage and linearity, are as follows: 

• PLL IC with an on-chip inverter/buffer for an external reference frequency oscillator 

• Voltage controlled crystal oscillator with varactor diode (also known as VCXO) 

• LC oscillator with a varactor diode 

• RC multivibrator 

A list of crystal oscillator and VCXO manufacturers can be found in reference 11. 
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Figure 10. A Varactor Diode Acting as a Voitage-controlied Variabie Capacitance 
Selecting the Right PLL 1C 

Table 1 lists Fujitsu's family of CMOS PLL ICs and Table 2 lists the BiCMOS integrated PLL ICs. 


Tabie 1. Fujitsu’s Low Power CMOS PLLs 


P/N 

Max Fre¬ 
quency 

(3 V/5 V) 

Divide Ratio 

Super 

Voltage 

iDDfiyp) 

3V/5V 

Package 

N’ 

A2 

Prescaler 

R® 

MB87001A 

10/13 MHz 

5-1023 

0-127 

— 

8-ldnd^ 



16 Pin 
DIP/FPT 

MB87006A 

10/17 MHz 

5-1023 

0-127 

— 

5-16383 

3.0-6.0 V 


16 Pin 
DIP/FPT 

MB87014A 

-/180 MHz 

5-1023 

0-63 

64/65 

5-65535 

4.5-5.5 V 

-/8.0 mA 

16 Pin 
DIP/FPT 

MB87073 


5-2047 

0-127 

— 

8-ldnd 

2.7-5.5 V 

2.0/3.0 mA 

16 Pin 
DIP/FPT 

MB87076 


5-2047 

0-127 

— 

8-16383 

3.0-6.0 V 

2.5/3.0 mA 

■giBaaM 

MB87086A 

-/95 MHz 

5-1023 

— 

— 

5-65535 

4.5-5.5 V 

-/8.0 mA 


MB87087 

10/13 MHz 

5-1023 

0-127 

— 

5-16383 

3.0-6.0 V 

2.5/3.5 mA 

mSmSSm 

MB87090 

10/13 MHz 

5-1023 

0-127 

— 

8-ldnd 

B 

3.0/4.0 mA 

16 Pin 
DIP/FPT 


Notes: = Program counter divide factor. 

= Swallow counter divide factor. 

= Programmable reference counter. 

^Idnd = 8 programmable combinations of 1/8,1/16,1/64,1/128,1/512,1/1024, and 1/2048. 
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Table 2. Fujitsu’s Super PLLs 


P/N 

Prescaler 

Program 

Counter 

Divide 

Ratio 

Swaliow 

Counter 

Divide 

Ratio 

Reference 

Counter 

Divide 

Ratio 


Sypply 

Voltage 

Package 

F,n(MAX) 

V,n(MIN) 

Divide 

Ratio 

MB1501 

1100 MHz 

200 mVp-p 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

15 mA 


16-Pin 

SOP 

MB1502 

1100 MHz 

200 mVp-p 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

8 mA 

5v±10% 

16- Pin 
SOP 

MB1503 

1100 MHz 

100 mVp-p 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

8 mA 

om 

16-Pin 

SOP 

MB1504 

520 MHz 

200 mVp-p 

32/33 

64/65 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

10 mA 

B 

16-Pin 

SOP 

MB1505 

600 MHz 

200 mVp-p 

32/33 

64/65 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

6 mA 

5v±10% 

16-Pin 

SOP 

MB1507 

2000 MHz 

400 mVp-p 

128/129 

256/257 

Binary 

16-2047 

Binary 

0-255 

Binary 

8-16383 

18 mA 

5v±10% 

16-Pin 

SOP 

MB1508 

2400 MHz 

200 mVp-p 

64/128 

256 

Binary 

16-2047 

— 

Binary 
256, 512 
1024, 2048 

14 mA 

5v±10% 

20-Pin 

SOP 


400 MHz 

200 mVp-p 

32/33 

Binary 

16-2047 

Binary 

0-127 

512 

1024 

12 mA 

2.7-5.5 V 

20-Pin 

SOP 

MB1511 

1100 MHz 

200 mVp-p 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

8 mA 

2.7-5.5 V 

20-Pin 

SSOP 

MB1512 

1100 MHz 

100 mVp-p 

64/65 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

8 mA 

4.5-5.5 V 

20-Pin 

SSOP 

MB1513 

1100 MHz 

100 mVp-p 

128/129 

Binary 

16-2047 

Binary 

0-127 

Binary 

8-16383 

8 mA 

4.5-5.5 V 

20-Pin 

SSOP 

MB1518 

2500 MHz 

100 to 200 
mVp-p 

512/528 

Binary 

32-511 

Binary 

0-31 

512 

16 mA 

4.5-5.5 V 

16-Pin 

SSOP 


600 MHz 

200 mVp-p 

128/129 

Binary 

16-2047 

Binary 

0-127 

512, 

1024 


2.7-5.5 V 

20-Pin 

SOP 


*Duat Device 


Selecting a PLL 

The specifications to consider when selecting a PLL are as follows: 

Width of the counters 

The most significant feature of the various PLL devices (since operating speed is practically the same for 
all), is the width of their counters. In general, the width (in bits) of the reference counter determines the 
frequency resolution (^/channel = fref obtainable from the system. The width of the programmable 
counter, (1/N) (see Figure 7) and the swallow counter {1/A) determine the number of channels that can be 
covered. Fujitsu devices are available with up to 18-bit wide combined program and swallow counters, 
and 16-bit wide reference counters. 
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Selecting the N and A counters 

It is easily observed from the dual-modulus equation [fout = (N • M+A) • Afchannd] tl^at A need not as¬ 
sume values higher than the prescaler modulus M, since setting A equal to M+X is equivalent to setting A 
equal to X and increasing N by 1. Hence, all possible channels can be covered in a dual modulus configu¬ 
ration if the programmable swallow counter number (A) is allowed to assume all values from 0 to M-1, 
where M is the modulus of the MIM+1 prescaler: 

• 0<A<M-1 

Under all circumstances the condition N>A must be satisfied: 

• Nwm = Amax = M-1. 

To select the right PLL counters for your application, supply the information that is requested in the fol¬ 
lowing guide. 

PLL Counter Selection Guide 

1. Identify maximum and minimum output frequency desired, foutf and fout> 

2. Select a M/M+1 prescaler, so that font, maxl^ can be accommodated by the PLL (<20 MHz typically). 

3. Identify desired channel spacing(s), A/channel- 

4. Let A — 0, then j^min ~ font, miniAfchannel ^^^d “ fout, max!channel. 

5. Verify that Nmin>M-^) if not, select a bigger prescaling modulus and go back to step 3. 

6. Select an N program counter with enough bit-width to accommodate the value of Nj„ax- 

7. Select an A swallow counter with enough bit-width to accommodate the value M-1; set all higher 
bits to 0. 

8. Select the reference frequency divider (R) and a ciystal reference frequency so that frefl^ = channel- 

A Practical Example: Selecting the PLL 1C for an FM Receiver 

We are going to select the appropriate PLL IC and prescaler for the local oscillator of the superheterodyne 
FM receiver shown earlier in Figure 1. In order to receive an FM station at //„, the local oscillator must be 
set to floe = fin + 10-7 MHz. For receiving all FM stations, fioc has to be selectable between 98.6 MHz and 
118.6 MHz in 0.2 MHz steps; that is 101 positions in total. 

To select a PLL for our example FM Receiver, we used the PLL Selection Guide, supplied the required in¬ 
formation (see Example), and selected the appropriate PLL. 

Example 

1- fout, max = 118.6 MHz fout ^ 98.6 MHz 

2. Choose the MB503 prescaler (M=l 6) 
fout,maxlM = 7.4 MHz < 20 MHz 

3. Afchannel = 0.2 MHz 

4. Nffiin = fout,min IAfchannel = 493 
l^max ~ fout/max I Afchannel ~ 393 

5. Hmix>16,OK 

6. Nmax of 593 requires a 10-bit wide N-counter 
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• A 4-bit wide (swallow) counter 

• Either an MB87(X)1 A or an MB87(X)6A 

• Choose MB87001A 

8. Choose an f ref of 3.2 MHz and set the R-counter to 16 to yield Af channel = 0.2 MHz 
Programming of the counters 

In order to preserve board space, all Fujitsu PLLs have serially programmable counters. The divisor val¬ 
ues are fed through a serial pin to a shift register and latched-in with a control pulse. This allows 16-pin 
packaging to be used for all devices. 

Set-up and switching times of the counters and modulus control logic 

These delays are important and can become a limiting factor, especially when operating in pulse swallow 
mode. When the circuit has counted down so that the N program counter is full, the whole counter system 
is reset. The reset function must be completed within the next cycle of the MjM+1 prescaler or, 

Ireset ^Ifout ,mca 

Where treset equals the sum of propagation delays through the A and N counters, (the required modulus 
set-up time of the prescaler and release time of the modulus control logic). 

Positive or negative edge triggering of counters 

As previously mentioned, when the modulus of a dual-modulus prescaler is changed from 64 to 65, one 
half-cycle of the output (output low) will be extended to 33 input cycles. The other half-cycle will remain 
unchanged at 32 input cycles. 

Therefore, modulus set-up time of the prescaler will be expressed relative to an edge of the affected half¬ 
cycle (in this case the negative-going edge). If the program counters and the modulus control logic are 
triggered on an opposite edge, valuable set-up time margin will be lost. (See Figures 11 and 12). 

When necessary, insertion of a fast inverter between the prescaler and the program counter may provide 
some timing relief. 


Prescaler 

output ^ 

Divide b 
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Divide by M+l 

/ 
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modulus set-up time 


Figure 11. PLL Program Counter Triggered by Opposite Edge 


12-19 






Prescalers and PLLs 


Fujitsu Microelectronics, Inc. 


12 



\_ 

Divide 

byM 

Divide 

byM+1 

Prescaier / \ 

output / > 


PLL 

Modulus 
control output 

\ 

/ 

<_ 



tpd 

<-► 

Margin 

^-► 

Requirec 
modulus 
set-up tit 

1 

ne 


Figure 12. PLL Program Counter Triggered by Same Edge 


Phase detector 

There are some differences between analog and digital phase detectors. 

An analog phase detector works on a so-called integrating multiplier principle (Gilbert Cell multiplier is 
one example) and reflects not only timing differences, but also (if the signals are not purely sinusoidal or 
square) differences in the shape of the input signals. Analog phase detectors can offer superior signal-to- 
noise (S/N) ratios and can react almost instantaneously to minute changes in input waveforms. However, 
they are relatively complex and lend themselves poorly to high speed CMOS integration. 

The digital phase-frequency detector is a simple and extremely fast sequential circuit (4 flip-flops). The 
circuit detects only positive-going threshold crossings and indicates which of the two inputs is ahead of 
the other one. It is not dependent on the shape of the signals. The digital phase-frequency detector is in all 
Fujitsu PLLs. 

Charge pump 

The single-ended output from the phase detector is called the internal charge pump. The three-state 
chaige pump output goes high when fref >fvco, low when jrej < fvco and high-impedance state when 
fref = fvco' This output Can be connected directly to an active or passive external filter. The MB87014 pro¬ 
vides an inverted chaige pump output as well. 

The charge pump output is derived from two flip-flops out of the phase detector, ())r and <|)v. In the case of 
MB87(X)6A, MB87014 and the MB87()86^ when the loop is unlocked, the appropriate output terminal, (j)r or 
<|)v, pulls low to indicate which of the two inputs /ref or /vco is at a higher frequency. 

The signals and <|)v would normally be considered an intermediate result; however, they are also made 
accessible on two output terminals allowing construction of an external charge pump. 

A charge pump combines the two digital outputs ((l)r and <j>v) into one output. (See Figure 13.) The external 
configuration shown here also directly implements the lowpass filter. Note that due to different polarity 
assignments, this configuration is not appropriate for MB87001A, 87073,87076, and the integrated PLLs. 
Also note that often a large resistor is inserted following the op-amp output to increase the output imped¬ 
ance. 
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A fast external charge pump implementation appropriate for the MB87(X)1 A, 87073,87076 PLLs, ICs, and 
an integrated PLL is shown in Figure 14. The <|)r and <))v outputs on these devices are of the open-drain 
type. (The rest of the PLL family provides push-pull outputs for and (|)v.) 


^Note that the remaining Fujitsu PLL ICs (MB87001A, 87073, and 87076), as well as the single-chip PLL/Prescaler fami¬ 
ly (MB 1500), have a different phase detector design and a different truth table for <j)r and 




(|)V 

/r>/v : 

Low 

Low 

/r = /v : 

Low 

High-Impedance 

/r</v : 

High 

High-Impedance 


The ({)-outputs of these devices are open drain. 

An external charge pump allows use of faster transistors or op-amps (higher slew rates) and may offer 
improvement in lock-in performance. 



Figure 14. External Charge Pump Example 

Charge pump waveforms and (j)r and 

As previously mentioned, in the case of MB87(X)6A, 87014 and 87086 (see footnote^ on the preceeding 
page), when the loop is unlocked, the appropriate output terminal, (j)r or (|)v, pulls low to indicate which of 
the two inputs fref or is at a higher frequency. This active terminal, (|>r or (|>v, will not stay at a steady 
low but will occasionally toggle to a high state. Basically, its output provides a pulse-width modulated 
representation of the frequency difference between the inputs. 
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When the loop is in lock, <j)r and <|)v will both be in the "high" state. However, synchronously with the 
phase comparison frequency, a short spurious negative pulse will occur at both outputs. 

The same pulse anomalies will also appear on the output from the internal charge pump. One of the tasks 
of the loop lowpass filter is to remove all spurious signals (pulses) from the PD output. The loop filter 
bandwidth must, therefore, always be below the phase comparison frequency. Conversely the phase com¬ 
parison frequency should be kept as high as possible. 

4-bit Microcontrollers with PLLs 

Fujitsu also offers a family of 4-bit microcontrollers, the MB88560 family with an on-chip PLL.The 
MB88560 family consists of two 4-bit CMOS microcomputers: the MB88561 with a liquid crystal display 
(LCD) controller/driver and the MB88562 with a vacuum fluorescent display (VFD) driver. Both devices 
contain 21 I/O lines, an 8-bit timer/counter, an A/D converter with 6-bit resolution, display drivers, and a 
PLL with prescalers suitable for all broadcast and shortwave frequencies. Each device has independent 
AM (up to 32 MHz) and FM (up to 120 MHz) inputs. Up to 4 K by 8-bit ROM space and 256 K by 4-bit 
static RAM space is available on-chip. 

Both chips allow extremely compact designs of car radios, personal stereos, personal communication 
equipment, etc. 

A two-part MB88560 design guide and a demo board are both available from Fujitsu. 

What is a Prescaler? 

A prescaler is an integrated circuit that divides the frequency of an incoming signal by an integer M (see 
FigurelS). The divisor, M, is called the Modulus. 

Internally, a prescaler is a specialized ripple counter, which counts incoming pulses and performs one out¬ 
put cycle for every M received input cycle. If M is an even number the output is toggled following every 
M/2 input pulse. For M odd, one of the toggles is delayed an extra input cycle (e.g., 6 input pulses for out¬ 
put high and 5 input pulses for output low for M = II). 



There are distinct differences between prescalers and general purpose divide-by-N counters. We will refer 
to the latter as program counters and substitute the letter N when referring to them for the remainder of 
this text. 

Prescalers are comparatively simple devices. They contain a minimal amount of logic (less than approxi¬ 
mately 100 gates) and offer a few, well chosen modulus numbers. This streamlined architecture allows 
implementation in the fastest bipolar and GaAs technologies without excessive power consumption or 
expense. For example, the MB510 dual modulus prescaler from Fujitsu offers a choice of four divide ratios 
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(128,144,256 and 272). Manufactured in 0.8 M^nn bipolar technology, this 8-pin device is ECL compatible, 
accepts input frequencies up to 2.7 GHz, and dissipates only 0.05 watts of power. 

Program counters, on the other hand, contain a fair amount of programming and decoding logic in order 
to allow a wide selection of N (any value of N between 0 and is made selectable using a q-bit wide 

program input). The relatively high internal gate count generally limits program counters to TTL or 
CMOS technology with toggling speeds of less than 40 MHz. 

The important point to be made is that there is no need to make program counters faster, or prescalers 
more programmable. The distinction between the two types of devices is intentional. (Dnce the frequency 
is brought down sufficiently by a prescaler, sophisticated frequency manipulation is performed with 
CMOS program counters and a PLL. Prescalers are generally classified as either single or dual modulus. 

Dual modulus prescalers 

Ehial modulus prescalers allow a very rapid transition from a divide-by-M mode to a divide-by-M+1 
mode (e.g., from 64 to 65); hence, they are often also called M/M+2 prescalers (64/65). In conjunction with 
PLLs and the pulse swallow method (discussed on page 14), dual modulus prescalers allow finer fre¬ 
quency resolution than single modulus prescalers. 

Single modulus prescalers 

Single modulus prescalers are fixed, or semi-fixed dividers that only divide by a fixed number M. A semi¬ 
fixed single modulus prescaler allows a choice of more than one modulus (e.g., 32,64 and 128), but is not 
necessarily optimized for fast switching between moduluses, and the modulus choices are not spaced one 
apart. 

Less common varieties of prescalers include: 

• M/M+Z (where Z ^ 1) dual modulus prescalers 

• Four modulus prescalers 

• Decimal single modulus prescalers 
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Figure 16 shows Fujitsu's bipolar prescaler ICs. 
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i 
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- 
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- 
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Figure 16. Selection Guide to the Fujitsu Bipolar Prescaier Family 

Microwave Prescalers 

Microwave prescalers manufactured in GaAs technology are available from specialized vendors, includ¬ 
ing Fujitsu. The microwave prescalers have frequencies above 3 GHz (microwave range) and toggle 
speeds of up to 10 GHz. The cost of GaAs parts, however, is considered high when compared to ECL bi¬ 
polar parts. 

Stand-alone Prescaler Application 

Prescalers can be used as stand-alone components without a PLL. 


A stand-alone application does not involve feedback of signals around the prescaler. The most common 
stand-alone application for a prescaler is in digital clock distribution networks, where a prescaler simply 
reduces an incoming clock rate and distributes it to slower analog or digital circuitry. (See Figurel7.) 
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Figure 17. A Stand-alone Application of a Prescaier: Clock Rate Reduction 


Prescalers offer several advantages as stand-alone elements. For example, consider an application that 
requires a high quality 1-MHz reference signal. For this application, a straightforward, high quality 
1-MHz crystal oscillator might seem the most obvious choice; however, the highest quality will be 
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achieved with a higher frequency reference signal (10 MHz) followed by a prescaler (1/10). This applica¬ 
tion is preferred because of the following reasons: 

• Crystal resonators with higher oscillation frequency tend to have smaller dimensions, shorter oscilla¬ 
tion stabilization times and narrower characteristic variations. 

• A prescaler will clean up the incoming high frequency signal in two ways: 

~ It will totally remove variations in the amplitude noise (amplitude envelope of the incoming sig¬ 
nal), since its output amplitude is independent of the input 

- It will reduce the phase noise (jitter of zero-crossings) of the incoming signal by approximately a 
factor of M since its output only switches synchronously with one out of every M/2 input pulses. 

The above reasons apply up to a certain point, or as long as the prescaling factor is moderate. The fre¬ 
quency of the crystal should not be increased to the point where RF shielding or board layout has to be 
changed. Increasingly small dimensions or the price of the crystal can also become a problem. 

Numerous digital LSI ICs take advantage of the beneficial properties of prescaling; e.g., they have on¬ 
board prescalers that allow a direct connection of high frequency crystal clocks to slower internal logic. 
For example, Fujitsu's line of 4-bit microprocessors offers a built-in, divide-by-2 prescaler as a recom¬ 
mended option. This option allows the user to drive the 2-MHz internal logic with a 4-MHz crystal rather 
than a 2-MHz crystal. With this option, the 4-MHz crystal clock will turn on and be fully operational (as 
well as recover from any external disturbances) in half the time required for a 2-MHz crystal. 

Selecting the Right Prescaler 

To select the appropriate prescaler, first determine the necessary modulus choices and input toggling 
speeds. 

Toggling speed 

One should be aware that a 1-GHz (fin,max typically) prescaler does not abruptly stop functioning when 
fed frequencies above 1 GHz. The 1-GHz prescaler will typically require higher input levels to trigger, and 
it may deliver a smaller output swing, but typically it will function up to a 20-50 percent higher fre¬ 
quency. See Figure 18. 

These characteristics are important, since frequency switching in a PLL is normally accompanied by a fair 
amount of overshoot. A VCO intended to stabilize at 1 GHz may reach, for example, 1.4 GHz before set¬ 
tling down. It is important that the loop (including the prescaler) remains functional during that period. 
Charts like Figure 18 can be helpful in verifying such cases. 
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Figure 18. Input Signal Amplitude Versus Input Frequency for MB509 Dual Modulus Prescaler 

Prescalers with higher frequency ratings will typically be associated with higher power dissipation and 
higher switching noise. For example, measurements of gallium arsenide dividers suggest noise perform¬ 
ances 20 to 30 dB worse than for ECL dividers (reference 10). 

Also note that the input coupling capacitance of a prescaler will limit the lowest useful frequency. 
Termination resistor internail external 

All Fujitsu prescalers, except MB501LV, MB504LV, MB501SL, MB509, and MB510 have an open emitter 
output. Typically a 2.2k Q resistor to ground for a load capacitance of 12 pF is recommended. By choosing 
a smaller or a larger external resistor, the prescaler's output can be tailored to drive higher or lower loads, 
respectively. 

The prescalers with on-chip termination can drive output load capacitances of up to 8 pF undistorted. A 
shunt resistance can be added for driving larger loads. 

In some situations it is desirable to "overdesign" the termination resistor. The limited current driving abil¬ 
ity will tend to smooth the output signal, thus reducing its harmonic content and switching noise induced 
into supply lines. 

Stability of Vout 

One of the purposes of prescaling is to eliminate amplitude modulation from the output of the VCO. 
Therefore, it is absolutely mandatory that the output high and low are stable and guaranteed over a wide 
range of Vjn, Vco and temperature. 
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Flexibility of the input voltage 

A prescaler should be able to toggle properly with relatively widely varying input voltage levels (any¬ 
where between 0.15 to 2 Vp-p for the Fujitsu MB 504), while maintaining a constant output level. 

ECL level 

For most Fujitsu prescalers the maximum allowable input voltage swing is 2 Vp>-p. This means that a typi¬ 
cal TTL voltage swing of 3 V will overload the prescaler, whereas ECL voltage levels can be accommo¬ 
dated without problems. The outputs of the prescaler are ECL compatible, too. 

The statement "The outputs are 1.6 V peak on ECL level" found on the data sheet for MB501,503,504 etc. 
means that Fujitsu prescalers do not require negative supply voltages. In this sense they are not "true" 

ECL devices. 

Flexibility of Vcc 

A wide operational range of Vcc is essential (2.7 V to 4.5 V, 3.0 V typical for MB501LV), if a prescaler is to 
be used in a batteiy-powered system. Most Fujitsu prescalers, except the low voltage (LV-suffix) types 
which op)erate from a 3 V supply, operate from a single 5 V supply. The integrated PLLs, MB1501 and 
MB1504, however, operate from a 3 V supply (a higher supply voltage between Vcc ai'd 8 V is required 
for the charge pump circuit). 

Modulus set-up time 

The time from application of appropriate voltage to the modulus select pin to appearance of the correctly 
prescaled waveform at the output is 10-50 ns. As previously discussed in the PLL section, fast modulus 
set-up times are necessary for correct implementation of the pulse swallow method. 

Input impedance and reactance 

Excessive reactance may affect performance of the VCO and require buffer circuitry between it and the 
prescaler. For very high frequencies (> 500 MHz), the input impedance should be given on a Smith chart. 
The nominal input impedance of Fujitsu's high frequency prescalers is 500. 

Smith chart 

Signals on a printed circuit board travel at approximately 2/3 the speed of light. This means that at fre¬ 
quencies above 500 MHz, the signal wavelengths become less than 0.4 m and comparable in size to the 
board itself. At this point, circuit board traces start acting as transmission lines; i.e., the RMS voltage level 
will vary along the trace unless impedances of the termination and the trace are matched. 

A Smith chart is a graphical impedance representation widely used in transmission theory. It is a tool al¬ 
lowing an easy assessment of impedance mismatch. 

The chart consists of two sets of circles: the constant resistance circles (see Figure 19) and the constant re¬ 
actance circles (see Figure 20). The values of these circles are normalized to the characteristic impedance of 
the system by dividing the actual value of resistance or reactance by the characteristic impedance, for ex¬ 
ample, in a 50 Q system, a resistance of lOOW is normalized to a value of 2.0. 

A further series of circles may be plotted on the chart; these are the circles of constant voltage standing 
wave ratio (VSWR) and represent the degree of mismatch in the system. The VSWR is the ratio of the de¬ 
vice impedance to the characteristic impedance. It is always expressed as a ratio greater than 1 (a 25 Q 
device in a 50 system gives rise to a 2:1 VSWR). See Figure 21. 
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Packaging 


All Fujitsu prescalers are available in 8-pin DIP or surface mountable 8-pin plastic flat packages. Space 
saving and better stray capacitance performance are obtained with surface mounting. 

CMOS PLLs and BiCMOS integrated PLLs are available in 16-pin DIP and Flatpacks. 



Figure 19. Smith Chart Constant Figure 20. Smith Chart Constant 

Resistance Reactance 
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Signal propagation delay through the prescaler 

Although a signal delay through the prescaler will affect the lock-in times of the loop, the prescaler is, in 
this respect, of little importance relative to the loop lowpass filter. Extensive phase shifts between the in¬ 
put and the output of the prescaler may, however, affect the PLL stability. 

High capacitive loading will typically be the main cause for delays. This situation can be remedied by de¬ 
creasing the output termination resistor value, thereby improving drive performance. 

Self-oscillation problems can be caused by poor grounding, lack of decoupling, or cross-talk due to board 
layout. Fujitsu prescalers are guaranteed to be non-oscillatory under most conditions. 

Balanced inputs 

The ability to drive balanced inputs can be beneficial at high frequencies. All Fujitsu prescalers offer com- 
plementaiy inputs. The prescaler outputs, however, are single ended as they are intended to drive single- 
ended PLL inputs. 

Output duty cycles 

The output duty cycle should be 50 percent when the modulus is an even number (such as three input 
clock periods high and three input clock periods low for division with modulus 6). Division by an odd 
number should cause minimal deviation from 50 percent duty cycle (such as four input clocks high and 
three input clocks low for division with modulus 7). Rise and fall times are, of course, load dependent and 
deviations from idealized waveforms will occur. Also, clearly specify which of the output half-cycles (out¬ 
put low or output high) is the one that is extended in the M-i-1 mode of a dual modulus prescaler. 

Power dissipation 

Thanks to a proprietary, "third generation," 0.8 jim emitter self-align and polysilicon electrode and resis¬ 
tor (ESPER) manufacturing technology, Fujitsu can offer bipolar prescalers with the most beneficial fre¬ 
quency rating/power dissipation ratio available. See Table 3. 
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Table 3. Fujitsu Prescalers 


P/N 

F,n(MAX) 

V,n(MIN) 

Divide 

Ratio 

lcc(TYP) 

Suppiy 

Voltage 

Package 

MB467 

200 MHz 

150 mVp-p 

10/20 

6 mA 

5 V±10% 

8 Pin 
DIP/FPT 

MB501 

1.0 GHz 

400 mVp-p 

64/65 

128/129 

30 mA 

5 V±10% 

8 Pin 
DIP/FPT 

MB501L 

1.1 GHz 

400 mVp-p 

64/65 

128/129 

10 mA 

5 V±10% 

8 Pin 
DIP/FPT 

MB501LV 

1.1 GHz 

150 mVp-p 

64/65 

128/129 

12 mA 

3 V 

-10-+50% 

8 Pin 
DIP/FPT 

MB501SL 

1.1 GHz 

100 mVp-p 

64/65 

128/129 

5 mA 

5 V±10% 

8 Pin 
DIP/FPT 

MB503 

200 MHz 

150 mVp-p 

32/33 

8 mA 

5 V±10% 

8 Pin 
DIP/FPT 

MB504 

520 MHz 

150 m Vp-p 

32/33 

64/65 

10 mA 



MB504L 

520 MHz 

150 mVp-p 

32/33 

64/65 

5 mA 

5 V±10% 

8 Pin 
DIP/FPT 

MB504LV 

520 MHz 

150 mVp-p 

32/33 

64/65 

6 mA 

3V 

-10-+50% 

8 Pin 
DIP/FPT 

MB505-16 

1.6 GHz 

150 mVp-p 

128/129 

9 mA 

5 V±10% 

8 Pin 
DIP/FPT 

MB506 

2.4 GHz 

400 mVp-p 

64/128 

256 

18 mA 

5 V±10% 

8 Pin 
DIP/FPT 

MB507 

1.6 GHz 

400 mVp-p 

128/129 

256/257 

18 mA 

5 V±10% 

8 Pin 
DIP/FPT 

MB508 

2.3 GHz 

400 mVp-p 

128/130 

256/258 

512/514 

24 mA 

5V±10% 

8 Pin 
DIP/FPT 

MB509 

1.1 GHz 

400 mVp-p 

64/65 

128/129 

11 mA 

5 V±10% 

8 Pin 
DIP/FPT 

MB510 

2.7 GHz 

400 mVp-p 

128/144 

256/272 

10 mA 

5 V±10% 

8 Pin 

FPT 

MB511 

1.0 GHz 

60 mVp-p 

1/2/8 

23 mA 

5 V±10% 

8 Pin 
DIP/FPT 


Conclusion 

For further technical assistance and product information, including updates, please contact your nearest 
Fujitsu Microelectronics Sales Office. You will find a listing of the offices at the back of this paper. 
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CATV 
CB RADIO 

CMOS 

CODEC 

DTMF 

DIP 

ECL 

Frequency 

FPT 

FSK 

GaAs 

GHz 

ISDN 

MHz 

MSK 

Modem 

Modulus 

PLL 

Prescaler 

PSK 

RF 

UHF 

VHF 


Cable Television. 

Citizen Band Radio. The frequency bands allocated for short-distance personal or 
business radio communication. Present USA bands are 26.965 to 17.405 kHz, 

72 to 76 MHz. and 462.550 to 467.425 MHz. 

Complimentary Metal Oxide Semiconductor. A technology that Is used for the 
manufacturing of low power consumption devices. 

COder/DECoder. 

Dual Tone Multifrequency 

Dual In-line Package. 

Emitter Coupled Logic. A technology that is used for the manufacturing of devices that 
operate at high frequencies. 

The number of oscillations or cycles per unit of time. 

Flat Package Technology, usually referred to as Surface Mount Technology (SMT). 

Frequency shift keying. The form of frequency modulation in which the modulating wave 
shifts the output frequency between or among pre-determined values, and the output 
wave has no phase discontinuity. 

Gallium Arsinide. 

Gigahertz. A unit of frequency equal to one billion cycles per second. 

Integrated System Digital Network. A digital network in which all forms of 
communications, such as voice, data, and video, are converted to digital code and 
manipulated by computers serving as intelligent switching devices. 

Megahertz. A unit of frequency equal to one million cycles per second. 

Minimum shift keying. 

MOdulator/DEModulator. An equipment that connects data terminal equipment to a 
communication line. 

The divide-by ratio of a prescaler counter. 

A device that locks onto a particular frequency. It is typically used in applications that 
require the tuning or selecting of communication channels. 

A device that divides the frequency of an incoming signal by a factor of N. N is the divide- 
by ratio of the counter and is called the modulus. 

Phase shift keying. The form of phase modulation in which the modulating function shifts 
the instantaneous phase of the modulated wave among pre-determined discrete values. 

Radio Frequency. A frequency in the electromagnetic spectrum that is useful for radio 
transmission. Presently this refers to the limits of 10 kHz to 100,000 MHz. 

Ultra High Frequency. This range is 300 MHz to 3 GHz. 

Very High Frequency. This range is 30 MHz to 300 MHz. 


G-3 




G-4 





2 



5 

6 



9 

10 
It 
12 


Prescalers 

Phase-Locked Loops (PLLs) 
Single-Chip PLLs/Prescalers 
Single-Chip VCOs/Prescalers 
Piezoelectric Devices 

Cordless Telephone Integrated Circuits 
Telephone Integrated Circuits 
Coders/Decoders (CODECs) 

Quality and Reliability 
Ordering Information 
Sales Information 
Appendix: Design Information 



FUJITSU LIMITED 

Marunouchi Headquarters 
6-1, Marunouchi 1-chome 
Chiyoda-ku, Tokyo 100, Japan 
Tel: (03) 216-3211 
Telex: 781-22833 
FAX: (03)213-7174 

For further information, please contact: 

Japan 

FUJITSU LIMITED 

Integrated Circuits and Semiconductor Marketing 
Furukawa Sogo Bldg. 

6-1, Marunouchi 2-chome 
Chiyoda-ku. Tokyo 100, Japan 
Tel: (03) 216-3211 
Telex: 781-2224361 
FAX: (03) 216-9771 

Europe 

FUJITSU MIKROELEKTRONIK GmbH 
Am Siebenstrein 6-10 
6072 Dreieich-Buchschlay 
Germany 

Tel: (06103) 690-0 
Telex: 441-963 
FAX: (06103) 691-122 

Asia 

FUJITSU MICROELECTRONICS ASIA PTE. LTD. 

No. 51 Bras Basah Road 

Plaza By the Park #06-04/07 

Singapore 0718 

Tel: (65) 336-1600 

Telex: RS 55573 FESPL 

FAX: (65) 336-1609 

North and South America 

FUJITSU MICROELECTRONICS, INC. 

Integrated Circuits Division 
3545 North First Street 
San Jose. CA 95134-1804 USA 
Tel: (408) 922-9000 
Telex: 910-338-0190 
FAX: (408) 432-9044 


©1991 FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 


Printed in USA 
IC-DflE3b-M-T2-DB 


